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CrossFit® is a fitness program characterised by founder Greg Glassman as “constantly varied, 
high-intensity, functional movement” and is typically coupled with other lifestyle 
recommendations, most prominently those related to diet and nutrition.  The overarching aim 
of this thesis was to advance the scientific understanding of injury epidemiology associated 
with CrossFit participation.  To address this aim, a thesis consisting of ten chapters is 
presented.  Following the introductory material of Chapter 1, the thesis commences with a 
scoping review of studies investigating injury and CrossFit participation.  The scoping review 
(Chapter 2) provides a broad perspective of the research ‘landscape’ and locates the 
intersection points between rank in an evidence-hierarchy and step/s of the Translating 
Research into Injury Prevention Practice framework (TRIPP).  A key finding of the scoping 
review was identification of a discrete subgroup of studies reporting the epidemiology of 
injury associated with CrossFit participation.  In order to systematically review these studies, 
an appropriate tool to assess risk-of-bias in cross-sectional surveys of self-reported injury was 
required.  Chapter 3 reports the development of an appraisal tool consisting of previously 
published items modified for the intended context of CrossFit.  The new appraisal tool, 
labelled the ‘Risk-of-bias Appraisal Tool for Cross-sectional studies (‘RIBAT-C’), was 
subsequently deployed within a systematic review of studies reporting injury epidemiology in 
CrossFit participants (Chapter 4).  A best-evidence synthesis of six studies identified an 
injury incidence within the range 0.27 to 3.3 injuries per 1000 h of exposure but this 
apparently low value must be interpreted cautiously and in light of the high risk-of-bias 
evident in these studies. Taken together, the conclusions of the scoping review (Chapter 2) 
and systematic review (Chapter 4) indicate a need to better understand injury epidemiology in 
CrossFit participants (TRIPP step 1) including consideration of aetiological factors (TRIPP 
step 2).  In preparation for a prospective observational cohort study, Chapter 5 presents a 
narrative review of selected methodological issues involved in conducting an observational 
study including the role of workload, movement quality, and previous injury on subsequent 
injury risk.  Movement quality is a putative risk factor for musculoskeletal injury that has 
been evaluated by clinicians using various assessment tools, including, most prominently, the 
Functional Movement Screen (FMS).  Two systematic reviews, the first of inter- and intra-
rater reliability of FMS scores (Chapter 6), and the second investigating the strength of 
association between FMS scores and subsequent injury (Chapter 7) were undertaken to 
investigate the FMS.  The findings of all previous chapters then converge on a prospective 
 iii 
observational cohort study designed to address the aim of investigating injury epidemiology 
(particularly injury incidence), and identifying potential risk factors that may be associated 
with injury aetiology in CrossFit participants.  Chapter 8 reports the findings of pilot work 
undertaken to consider the feasibility of community-based data collection before Chapter 9 
reports a prospective observational cohort study of 30 adult recreational CrossFit participants 
monitored over a 26-week period.  The key findings of Chapter 9 were: a) within the CrossFit 
population, measures of injury severity incorporating reduction in participation, rather than 
time-loss, are likely to be important, b) the average weekly prevalence for both gradual and 
acute onset injuries of substantial severity was ~ 3.6% (95%CI 0 to 10.2), c) the incidence of 
gradual onset injuries of substantial severity was 3.1 per 1000 h exposure (95%CI 1.1 to 5.1); 
and the incidence of acute onset injuries of substantial severity was 2.7 per 1000 h exposure 
(95%CI 1.2 to 4.2), d) participants in this study demonstrated low variance in acute:chronic 
workload ratio (ACWR) with the mean for all participants approximating 1.1 (95% CI 1.03 to 
1.14), e) the stability of ACWR observed in this sample is attributable to three determinants, 
firstly, the uniformity of session intensity which was, on average, 6.4 out of 10 (95%CI 6.1 to 
6.7), aligning with a Borg descriptor between “hard” (6 out of 10) and “very hard” (7 out of 
10); secondly, the near uniform duration of 60 min for each workout session (consistent with 
typical CrossFit affiliate practices for group classes); and finally, in this sample, the low 
variation in number of weekly sessions (95%CI 3.7 to 4 sessions per week).  If the stability of 
these parameters is typical of recreational CrossFit participants generally, it suggests that 
ACWR may not be a viable injury risk factor in this population.  The magnitude of effect for 
association between the strongest of the movement quality indices and subsequent injury risk 
was ‘small to moderate’, with the lower and upper limit of the confidence interval ranging 
between ‘trivial’ and ‘large’.  Notwithstanding the limited precision associated with the small 
sample, the magnitude of effect observed here is arguably insufficient to justify use of the 
movement quality indices investigated here as isolated indicators of injury risk.  Finally, 
Chapter 10 provides an overview of findings arising from the thesis including 
recommendations for advancing scholarship in the area of injury prevention research specific 
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CrossFit® is a fitness program characterised by co-founder Greg Glassman as “constantly 
varied, high-intensity, functional movement” (Glassman, 2007) and is typically coupled with 
other lifestyle recommendations, most prominently those related to diet and nutrition 
(CrossFit Inc., n.d.).  Glassman co-founded CrossFit together with Laura Jenai in Southern 
California (USA) in 2000 but has since grown internationally with more than 12,600 
affiliated CrossFit facilities listed on the CrossFit website (https://www.crossfit.com/affiliate-









CrossFit® is a registered trademark of CrossFit LLC.,1 a United States based limited-liability 
company, and those wishing to use the CrossFit branding do so through a licensing process 
known as ‘affiliation’ that involves payment of an annual fee (US $3000) to CrossFit LLC 
and satisfying various eligibility requirements.  CrossFit affiliation has been available since 
2002, and the affiliation process is described online ( https://www.crossfit.com/affiliate/how-
to ).  CrossFit is organised in a commercial framework, where each licensed operator of a 
CrossFit facility (an ‘affiliate’) has a contractual agreement with CrossFit LLC., (referred to 
colloquially within the CrossFit community as headquarters or ‘HQ’).   
 
Description of CrossFit 
The practice of CrossFit involves a participant completing a workout that consists of one or 
more strength and conditioning exercises.  Workouts vary across a wide range of ‘time 
domains’ ranging from a few minutes of maximal intensity, through to workouts that may 
extend to several hours – although these longer durations are rare.  The prescription of a 
workout draws from an extensive range of strength and conditioning exercises including 
barbell, dumbbell, kettlebell training, Olympic style weightlifting (e.g. snatch, clean and jerk, 
and derivative lifts), powerlifting (e.g. deadlift, squat, and derivative lifts), ‘Strongman’ style 
exercises (e.g. tyre flipping, heavy carries, sled pushing, ‘odd objects’ etc), basic gymnastics 
(e.g. handstands, rings, parallel bars, rope climbs etc), and many forms of locomotion 
including sprinting, distance running, swimming, cycling, and ergometer rowing. 
 
Setting and community 
Although a CrossFit workout can be undertaken by an individual in any space suitable for 
exercise, for the most part, CrossFit is typically performed in a competitive social 
environment (Ferenstein, 2011), most commonly at a CrossFit affiliated commercial facility.  
Within the CrossFit community, the gym is often referred to as a ‘box’ (a reference to early 
facilities that were often housed in industrial warehouses), and members attend the facility to 
workout at scheduled classes, receive coaching, and socially interact with other members.  In 
addition to membership of an affiliated facility, exercise programming and instructional 
resources are regularly published online at CrossFit’s ‘main site’ (https://www.crossfit.com).  
 
1 Greg Glassman is reported to have sold CrossFit Inc., to Eric Roza in mid-2020 and the company is now a 
limited-liability company headquartered in Boulder, Colorado (Rosman, 2020). 
 3 
The CrossFit organisation has published a ‘workout of the day’ or ‘WOD’ since 2001, and a 
searchable database of published CrossFit workouts is available online (see 
https://www.crossfit.com/workout/ ).   
 
CrossFit classes 
CrossFit is most commonly practiced in the form of a group exercise class at a CrossFit 
affiliated gym, with a typical session being 60 minutes in duration, and scheduled at times of 
day that meet the needs of those working business hours (i.e. earlier morning, and evening), 
as well as classes during the work day (e.g. lunchtime).  A typical class format involves a 
warm-up component, a main workout (the ‘WOD’), and a warm-down.  Classes typically 
commence with a group briefing by the attending coach, followed by warm-up activities 
before the WOD is undertaken as a group.   
 
Following completion of the WOD, the performance of each athlete in the WOD has 
traditionally been recorded on a whiteboard within the gym, where it will usually remain 
visible to those attending classes scheduled later during the day (Figure 2).  A photograph of 
the whiteboard showing all workouts over the day is sometimes posted online in a public or 
member-only forum.   
 
 
Figure 2.  Image of a whiteboard recording workout performance of all members undertaking the workout of the 
day (WOD) for each session.  This whiteboard shows nine scheduled classes scheduled between 0500 and 1900.  
Image reproduced with kind permission of http://zenplanner.com 
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Increasingly, specialised software applications incorporating business management features 
are being utilised in lieu of the traditional physical whiteboard.  Regardless of whether a 
traditional whiteboard or software application is used, the recording and social sharing of 
WOD performance is a hallmark of CrossFit culture and is also central to the CrossFit 
methodology (CrossFit Inc., n.d.). 
 
Measurement of performance 
A cardinal feature of a CrossFit WOD is that performance in the WOD can be objectively 
measured, usually by scoring (e.g. number of repetitions with a prescribed time limit), or 
duration to completion of the prescribed workout.  The measurement of performance is 
fundamental to the CrossFit methodology, well captured by the following extract from the 
CrossFit Training Guide (CrossFit Inc., n.d.) and generally attributed to Glassman:  
 
“It is our observation that men will die for points.  Using whiteboards as scoreboards, 
keeping accurate scores and records, running a clock, and precisely defining the rules and 
standards for performance, we not only motivate unprecedented output but derive both 
relative and absolute metrics at every workout; this data has important value well beyond 
motivation.” (p.2) 
 
The measurement of a workout performance provides several benefits including monitoring 
personal fitness over time through repeating a previously completed WOD, and as a form of 
motivation where competitive spirit between athletes acts as a powerful motivating factor, 
and also contributes to social interactions between participants (CrossFit Inc., n.d.).  
Importantly, the measurement of WOD performance naturally drives a competitive culture 
not only within the context of a group CrossFit class, but as a platform for competitive fitness 
competitions.   
 
CrossFit as a competitive sport 
Alongside engaging in CrossFit for the purpose of enhancing health and wellness, CrossFit 
can be undertaken in the form of competitive sport and represents an important feature of the 
CrossFit community.  Competitive CrossFit is most recognisable in the CrossFit Games 
events including “The CrossFit Games Open”, “Sanctionals”, and “The CrossFit Games”.  
Inclusion of the word ‘CrossFit’ in the title of a competitive fitness event requires 
endorsement from CrossFit LLC so as not to breach intellectual property rights.  However, in 
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addition to ‘official’ CrossFit LLC endorsed events, CrossFit affiliates and members 
frequently engage in fitness competitions where athletes compete as individuals, or in teams, 
over one or more workouts.  While the event is not CrossFit per se, the workouts at these 
fitness competitions are prescribed using the CrossFit methodology and are therefore, in 
pragmatic terms, indistinguishable from a workout that might be prescribed in an officially 
endorsed CrossFit event.  
 
Controversies and criticisms of CrossFit  
The CrossFit organisation has long been known for asserting its views on a range of issues it 
considers important to the company, society, and the CrossFit community (Helm, 2013).  For 
example, CrossFit has vigorously advocated for its affiliates when changes in legislation 
around professional licensure may impact an affiliates rights to offer fitness and nutritional 
advice (e.g. https://www.crossfit.com/battles/florida-nutrition-bill-state).  Another area of 
considerable attention for the CrossFit organisation has been challenging what it describes as 
“entrenched interests of the fitness, nutrition, and food and beverage industries” 
(https://www.crossfit.com/battles).  Examples of entities that have been the subject of action 
include the American College of Sports Medicine (e.g. 
https://www.crossfit.com/battles/crossfit-catches-acsm-in-lie-and-cover-up-about-exercise-is-
medicine ), National Strength and Conditioning Association (e.g. 
https://www.crossfit.com/battles/major-victory-for-crossfit-judge-orders-terminating-and-
massive-monetary-sanctions-against-the-nsca ), and various US Government agencies 
including the National Institutes of Health and the Centres for Disease Control and 
Prevention (e.g. https://www.crossfit.com/battles/hhs-1). 
 
One of the earliest and long-standing areas of controversy surrounding CrossFit has been the 
topic of injury, with several media reports emotively asserting that CrossFit was linked to 
elevated injury risk (e.g. Cooperman (2005); G. Davis (2013)).  Although much of this 
criticism originated from US based sources, a 2013 article published in the New Zealand 
online news media with the headline “Fitness can be bad for your health” (Stevenson, 2013) 
was amongst the first to come to the author’s attention.  The article cites then Exercise New 
Zealand chief executive Richard Beddie who claimed that “CrossFit had resulted in six 
deaths overseas and rendered an Australian man paraplegic” (Stevenson, 2013).  Of particular 
interest, was that Beddie also implied that the emergence of CrossFit may explain the 
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substantial increase in claims for fitness related injuries under the Accident Compensation 
Corporation (ACC) scheme during the previous year 2 3.   
 
Motivation for research 
The Stevenson (2013) news article brought the general issue of injury epidemiology and 
CrossFit participation to the author’s attention.  Informal review of news media, magazine 
articles, and online blogs conveyed a general picture of CrossFit participation as a “risky” 
undertaking – but the arguments were emotive, and seemed to lack any scientific basis.  An 
informal search of the indexed scientific literature of the time to consider what objective 
evidence might exist to inform a more considered view revealed little on the topic.  It was in 
this context that the motivation for the thesis was born. 
 
 
OVERVIEW OF THESIS STRUCTURE 
 
This thesis is composed of ten chapters along with a comprehensive set of Appendices 
including ethics committee correspondence, and supplementary materials.  To aid the reader 
in maintaining a sense of perspective over the course of the thesis, a schematic illustrating the 
thesis chapters is shown in Figure 3.  This schematic is repeated at the commencement of 
each chapter to orient the reader and convey linkages between chapters. 
 
 
2 Note that the Accident Compensation Corporation (ACC) is a New Zealand Government Crown entity that 
administers the Accident Compensation Act 1972.  The main feature of the Act is the provision of a ‘no-fault’ 
accidental injury compensation to citizens, residents, and visitors to New Zealand who are injured by way of 
accident (including sports, workplace, domestic, and medical treatment injury).  The scheme provides cover for 
medical care, rehabilitation, and loss of earnings for eligible injuries. 
3 This article lead to a number of exchanges between Glassman and Beddie, and ultimately resulted in Beddie 




Figure 3.  Schematic to illustrate thesis structure.  Green shading is used to indicate the reader’s current location 
within the thesis. 
 
Following the background introductory material presented here in Chapter 1, a scoping 
review of literature addressing the intersection between injury and participation in CrossFit is 
reported in Chapter 2.  One of the main findings of the scoping review was identification of 
a sub-group of research articles reporting findings of investigations of musculoskeletal injury 
epidemiology associated with participation in CrossFit.  In order to submit these studies to 
systematic review, it was necessary to identify critical appraisal tools appropriate to the study 
designs.  While appraisal tools have been developed for prospective cohort studies (Jarde, 
Losilla, Vives, & F. Rodrigo, 2013; Wells et al., 2013), it became apparent that there were 
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few appropriate tools available to critically appraise cross-sectional research designs 
investigating sports injury epidemiology.  To address this problem, a critical appraisal tool 
(the Risk-of-Bias Appraisal Tool for Cross-sectional studies, ‘RIBAT-C’) was developed for 
the purpose of appraising cross-sectional injury epidemiology studies.  In addition, a full set 
of explanatory notes and user guidance for how each item should be interpreted and assessed 
in the context of studies reporting on CrossFit were prepared.  The development of the 
RIBAT-C tool is described in Chapter 3 and user guidance presented in an Annex to the 
chapter.  The RIBAT-C was subsequently utilised within a systematic review of studies 
investigating musculoskeletal injury associated with CrossFit participation (Chapter 4).  
Collectively, the findings of the scoping and systematic reviews (Chapters 2 and 4) provide a 
rationale for further investigation of musculoskeletal injury epidemiology amongst CrossFit 
participants.   
 
One of the key findings of the systemic review reported in Chapter 4 was that the majority of 
studies reporting injury epidemiology in CrossFit participants have been cross-sectional in 
design, with just one prospective study design identified in the literature.  Therefore, in light 
of this finding, a prospective observational cohort study was proposed with the aim of 
investigating injury epidemiology (particularly injury incidence), and identifying potential 
risk factors that may be associated with injury aetiology in CrossFit participants.  Chapter 5 
presents a critical narrative of methodological issues arising during the design and planning 
of an appropriately rigorous, but suitably pragmatic, prospective cohort study.  The chapter 
was intended to clarify various methodological problems including injury definitions, 
methods of athlete monitoring over time, and selection of appropriate aetiological risk factors 
including workload, and movement quality. 
 
In recent years, there has been considerable interest amongst both strength and conditioning 
practitioners (e.g. coaches, athletic trainers) and sport and exercise medicine clinicians (e.g. 
physiotherapists) into the role of ‘movement screening’ tests to aid diagnosis and 
management of musculoskeletal dysfunction and injury.  Of the many movement test 
batteries that have been described in the literature (Bennett et al., 2017), the ‘Functional 
Movement Screen’ (FMS) has become particularly popular amongst practitioners, and also 
appears to have attracted the most research attention, with more than 300 FMS related papers 
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published since 20074.  The FMS was of particular interest in the thesis as a potential 
candidate variable for investigating injury aetiology amongst CrossFit athletes.  With a view 
to utilising performance in the FMS as a risk factor in a later prospective study, two 
systematic reviews were conducted to explore aspects of reliability and validity.  Chapter 6 
reports a systematic review of rater reliability using the FMS, and Chapter 7 reports a 
systematic review with meta-analysis investigating the strength of association between FMS 
scores and injury. 
 
Drawing on the methodological issues addressed in Chapter 5, a prospective observational 
cohort study was designed and Ethics Committee approval obtained.  Chapter 8 reports the 
pilot work undertaken to consider selected aspects of feasibility in conducting a larger study. 
The pilot work utilised an abbreviated six-week monitoring period in a convenience sample 
of CrossFit participants, and the outcomes were used to inform the final design and execution 
of a larger, more robust prospective study, reported in Chapter 9.  Finally, although each of 
the Chapters reporting a discrete ‘study’ (i.e. Chapters 2, 3, 4, 6, 7, 8, and 9) includes a 
discussion section relevant to the respective aims of the chapter, a higher-level discussion of 
the whole thesis is presented within Chapter 10.  This includes opportunities and 
recommendations for further work and discussion of the observed and potential impact of the 
work presented in the thesis.  
 
 
SUMMARY OF OBJECTIVES ADDRESSED WITHIN THE THESIS 
 
Chapter 2 – Scoping review 
1) To identify the types of available evidence that address injury in the CrossFit context 
2) To map the injury literature related to participation in CrossFit against the sports 
injury research framework of van Mechelen, Hlobil, and Kemper (1992), and Finch 
(2006) in order to help characterise the existing knowledge base and identify gaps 
3) To directly inform the directions of future research activity and development of 
sports injury research in the field of CrossFit; and 
 
4 Search of the Scopus database (Elsevier, B.V.) using keyword “functional movement screen*” on 18 October 
2020. 
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4) To employ scoping review as a precursor to a systematic review of injury 
epidemiology associated with participation in CrossFit 
 
Chapter 3 – Development of appraisal tool 
1) To conduct a preliminary search of the literature to identify existing appraisal tools 
suitable for injury epidemiology studies using cross-sectional designs 
2) To conduct a mapping exercise to compare items between existing appraisal tools in 
order to identify redundancy between items originating from existing tools 
3) To compile items from previously published tools to generate an appraisal tool for 
evaluation of risk-of-bias in cross-sectional designs 
4) To generate explanatory notes, operational definitions, and scoring criteria for each 
RIBAT-C item; and 
5) To pilot-test the developed tool in a sample of articles reporting cross-sectional 
designs in the context of injury epidemiology associated with CrossFit participation 
 
Chapter 4 – Systematic review 
A best-evidence synthesis was undertaken for the purpose of addressing each the following 
questions: 
1) What is the reported injury prevalence? 
2) What is the reported injury incidence? 
3) Does previous injury before CrossFit participation increase risk after commencing 
CrossFit? 
4) Do beginner programs reduce injury? 
5) Does the duration of CrossFit experience influence injury risk? 
6) Is competition associated with higher injury risk? 
7) What is the effect of training frequency? 
8) Is there a difference in injury risk between males and females? 
9) What body regions are reported as sites of injury? 
 
Chapter 6 – Systematic review  
1) To critically appraise and summarise research investigating inter and intra-rater 
reliability of Functional movement screen (FMS) scores 
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Chapter 7 – Systematic review 
1) To systematically and comprehensively review studies investigating the strength of 
association between FMS composite scores and subsequent risk of injury, taking into 
account both methodological quality, as well as clinical and methodological diversity. 
 
Chapter 8 – Pilot work 
1) To inform the calculation of sample size through estimates of a) magnitude of the 
effect, and b) size of the population 
2) To test and evaluate participant recruitment and enrolment procedures 
3) To evaluate the data collection procedures used during the six week monitoring 
period 
 
Chapter 9 – Prospective observational cohort study 
1) To characterise each injury registered during the study period according to: 
a) onset (acute or gradual), and severity (minor or substantial) 
b) categorisation within the Subsequent Injuries Adjusted for Self-reported 
data (SIAS) model (von Rosen & Heijne, 2017); and 
c) impact, as represented by total cumulative severity and total time-loss 
2) To estimate the average weekly prevalence of injury according to onset (acute or 
gradual) and severity (minor or substantial) 
3) To estimate the incidence of injury according to onset (acute or gradual) and severity 
(minor or substantial) 
4) To investigate the strength of association between acute:chronic workload ratio 
(ACWR) and subsequent injury  
5) To investigate the strength of association between movement quality indices and 
subsequent injury  





A scoping review of sports injury related research in the context of 








This chapter reports a scoping review of the indexed and ‘grey’ literature pertaining to 
CrossFit and injury.  The rationale for conducting a scoping review within the thesis was 
premised on three arguments:  
 
Firstly, engagement with the CrossFit related literature during the formative stages of 
developing the thesis topic revealed a wide variety of academic disciplines investigating 
various aspects of CrossFit.  These disciplines include some of proximate relevance to the 
thesis topic (e.g. sports medicine, exercise science), but also other, less proximate disciplines 
including health psychology, sociology, business, and education.  Although both this chapter 
and the broader thesis is focused on the topic of injury, the expansive search strategy 
employed in scoping reviews located articles of general interest to the ecology of CrossFit, 
and while not included in this review, were of value in the planning, conduct, and reporting 
of the thesis. 
 
Secondly, early doctoral thesis chapters are traditionally composed of critical, narrative-
based, reviews of literature.  However, narrative reviews are well recognised as being 
vulnerable to bias, especially selection bias and information bias (O'Connor & Sargeant, 
2015).  In research synthesis, selection bias occurs when the cited sources fail to be 
representative of the overall pool of available studies (Higgins & Green, 2011).  In narrative 
reviews the process by which individual studies are considered for citation is opaque, and 
studies can be selectively included (or omitted) to suit the convenience of the authors’ 
intended narrative.5  The systematic, documented, and repeatable methods of scoping reviews 
mitigate against selection bias.  This process driven and transparent approach also ensures 
comprehensive coverage of all relevant literature, including both indexed and, depending on 
the objectives of the review, grey sources. 
 
 
5 The problematic nature of selection bias in narrative review was well demonstrated to the author during the 
formative stages of the thesis.  A narrative review (Bergeron et al., 2011), in the form of a consensus paper 
representing the views of the American College of Sports Medicine, and the Consortium for Health and Military 
Performance strongly criticised ‘extreme conditioning programs’ (including notably CrossFit).  CrossFit Inc., 
responded with publication of its own 92-page report (J. A. Glassman, 2012) rebutting the arguments of 
Bergeron et al. (2011) including the point that the Bergeron et al “relies on inaccessible and unofficial citations” 
and providing many examples of both selection bias and information bias. 
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Thirdly, as an early chapter in the thesis, a scoping review usefully informs the feasibility of 
conducting a more precisely defined systematic review of injury epidemiology (Chapter 4).  
Collectively, the findings of this chapter, together with those of Chapter 4, support a rationale 
for the conduct of research reported in Chapters 8 and 9.   
 
Drawing from the key indications for conducting a scoping review described by Munn et al. 
(2018), four specific objectives were defined: 
 
5) To identify the types of available evidence that address injury in the CrossFit context 
6) To map the injury literature related to participation in CrossFit against the sports 
injury research framework of van Mechelen, Hlobil, and Kemper (1992), and Finch 
(2006) in order to help characterise the existing knowledge base and identify gaps 
7) To directly inform the directions of future research activity and development of sports 
injury research in the field of CrossFit 
8) To employ scoping review as a precursor to a systematic review of injury 





The design of this scoping review was based on the six-stage framework first described by 
Arksey and O’Malley (2005), extended and enhanced by Levac, Colquhoun, and O'Brien 
(2010), and later refined by the The Joanna Briggs Institute (2015).  The detailed enhanced 
framework is displayed in Appendix 1, but briefly here, the six major stages were: 1) 
identifying the research question, 2) identifying relevant studies, 3) study selection, 4) 
charting the data, 5) collating, summarizing, and reporting the results; and 6) consultation.  
Reporting of the review was informed by the conventions of the PRISMA-ScR extension for 




Eligibility criteria for consideration within the review were formulated using the JBI structure 
for inclusion criteria (The Joanna Briggs Institute, 2015).  Using this structure, inclusion 
criteria were defined by types of participant, concept, and context.  Articles were eligible for 
inclusion in the review if each of the following criteria were satisfied: 
 
1) Types of participants: there were no limits for any demographic parameter 
including age, gender, health status or co-morbidity; and 
2) Concept: for inclusion, articles must report scholarship in the field of sports injury 
prevention research.  Sports injury prevention research was characterised by the 
topic of an article being directly related to one or more of the steps defined in the 
Translating Research into Injury Prevention Practice (TRIPP) framework (Finch, 
2006).  In addition, scholarship in the form of letters to the editor, commentary, 
reviews (of any type e.g. narrative, systematic, scoping), and editorials were 
eligible; and 
3) Context: for inclusion, articles must specifically include CrossFit as the context.  
For this review, articles employing generic terms for high-intensity functional 
fitness (or similar), but not specifically naming “CrossFit” were not eligible. 
Articles where the context included CrossFit along with other forms of high-
intensity functional fitness (or similar) were included; and 
4) Language: Articles where full-text was not available in English were excluded. 
 
Search strategy 
Two search strategies were employed in order to cover both the traditional indexed, peer-
reviewed literature (Strategy 1), and the ‘grey literature’ (Strategy 2). The term ‘grey 
literature’ was operationally defined using the ‘Prague definition’ proposed by Schöpfel 
(2010) at the International Conference on Grey Literature, as: 
 
“Grey literature stands for manifold document types produced on all levels of government, 
academics, business and industry print and electronic formats that are protected by intellectual 
property rights, of sufficient quality to be collected and preserved by libraries and institutional 
repositories, but not controlled by commercial publishers; i.e., where publishing is not the primary 




Search Strategy 1 
Strategy 1 involved search of the indexed literature using PubMed/MEDLINE, Scopus 
(incorporating ScienceDirect and Embase) and EBSCOHost (incorporating Academic Search 
Complete, AMED, CINAHL, Health Business Elite, Health Source: Nursing/Academic 
Edition, MEDLINE, Psychology and Behavioral Science Collection, SocINDEX, and 
SPORTDiscus) without limits from the date of inception (Baxendale & Hook, 2020) until 30 
June 2019.  Table 1 shows sample search syntax for PubMed/MEDLINE.   
 
 
Table 1.  Search syntax for PubMed/MEDLINE 
Search Search Query Syntax 
#1 CrossFit CrossFit[All Fields] 
#2 high intensity 
functional training  
high[All Fields] AND intensity[All Fields] AND functional[All Fields] AND 
("education"[Subheading] OR "education"[All Fields] OR "training"[All Fields] OR 
"education"[MeSH Terms] OR "training"[All Fields]) 
#3 HIFT  HIFT[All Fields] 
#4 ((#1) OR #2) OR #3 ((#1) OR #2) OR #3 
#5 sports  sports[MeSH Terms] OR "sports"[All Fields] 
#6 (sports) AND (((#1) 
OR #2) OR #3)  
((CrossFit[All Fields] OR (high[All Fields] AND intensity[All Fields] AND 
functional[All Fields] AND ("education"[Subheading] OR "education"[All Fields] OR 
"training"[All Fields] OR "education"[MeSH Terms] OR "training"[All Fields]))) OR 
HIFT[All Fields]) AND ("sports"[MeSH Terms] OR "sports"[All Fields]) 
Notes: HIFT = high-intensity functional training, MeSH = Medical Subject Heading 
 
Search Strategy 2 
Based on the recommendations of Bonato (2018) a pragmatic approach was undertaken to 
identify and locate grey literature.  The Cochrane Library including the clinicaltrials.gov 
registry, and the ProQuest Central database were searched using the keyword “CrossFit” for 
source types: conference papers and proceedings, dissertations and theses; for the period 1 
January 2000 and 8 November 2019.  
 
Extraction of results 
All articles satisfying the eligibility criteria were reviewed and key information extracted and 
tabulated.  Extraction was undertaken using a custom designed spreadsheet to allow filtering 
by parameter.  The following parameters were extracted for each article: author(s), year of 
publication, type of publication (original research, or other scholarship e.g. letter, editorial, 
commentary), source title (e.g. journal, magazine, book).  Articles reporting original research 
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were further identified by: design, research question/aim/objectives, Participant descriptors 
(e.g. number, age, gender), country of enrolled participant recruitment, and main findings.  
Finally, based on a pragmatic evaluation of the type, design, and research question, each 
article was mapped to one of the six steps of the TRIPP framework (Finch, 2006) to generate 




The outcome of database search, screening, and consideration of eligibility are shown in 
Figure 4.  A total of 53 articles were included in the review after screening and consideration 
of eligibility.  A total of 196 articles addressing aspects of CrossFit not related to injury 
(“non-injury”) were identified.  Although not related to injury, these were identified by topic 
to indicate the current breadth of CrossFit related scholarship in disciplines outside sports 






Figure 4.  PRISMA flowchart for the scoping review process. Note: grey shading indicates ‘grey’ literature.  
The nine articles excluded on basis of ‘Not CrossFit’ were instances of the word in other non-exercise or sport 





Table 2 displays the extracted characteristics of eligible articles.  The two groups reporting 
the largest number of articles were case reports/series (17 articles), and cross-sectional 
studies (15 articles).  Of the 17 articles reporting case studies (n=12) or case series (n=5), 
seven articles addressed rhabdomyolysis (Hadeed, Kuehl, Elliot, & Sleigh, 2011; Benjamin 
S. Hopkins, Li, Svet, Kesavabhotla, & Dahdaleh, 2019; Li, Hopkins, Svet, Dahdaleh, & 
Kesavabhotla, 2018; Madhur, 2015; Mendes et al., 2018; M. Meyer, Sundaram, & 
Schafhalter-Zoppoth, 2018; Routman, Triplet, Kurowicki, & Singh, 2018), and the remaining 
ten articles reporting a variety of conditions including miscellaneous orthopaedic conditions 
(Esser, Thurston, Nalluri, & Muzaurieta, 2017; Friedman, Stensby, Hillen, Demertzis, & 
Keener, 2015; Godoy, Malavolta, Lundberg, da Silva, & Skaf, 2019; Jackson et al., 2017; 
Riff et al., 2018; Welsh, DeGraauw, & Whitty, 2016), trauma to the eye (Joondeph & 
Joondeph, 2013), neurovascular ‘stroke’ (Alexandrino et al., 2014; Lu et al., 2015), and one 
skin allergy case (Ledon & Tosti, 2017).  One article (Riff et al., 2018), a case series 
reporting post-surgical outcomes in CrossFit athletes following surgery for femoroacetabular 
syndrome, was assigned to step 3 of the TRIPP framework, but all other case studies and 
series were assigned to TRIPP step 1.  The mean ± SD age of the 16 individuals (10 males, 6 
females) reported in case studies was 31 ± 7y.  Similarly, the pooled mean ± SD age of the 37 
individuals (26 males, 11 females) reported in case series was 34 ± 2 y. 
 
Of the 15 cross-sectional studies, 14 were assigned to TRIPP step 1, and one article (Drum, 
Bellovary, Jensen, Moore, & Donath, 2017) assigned to TRIPP step 2.  Drum et al. (2017) 
conducted a survey of perceived demands and post-exercise physical dysfunction between 
CrossFit participants and those following exercise structured using the American College of 
Sports Medicine guidelines.  All other cross-sectional studies were surveys of CrossFit 
participants addressing research questions related to retrospective, participant self-reported 
recall of injury epidemiology (Chachula, Cameron, & Svoboda, 2016; Elkin, Kammerman, 
Kunselman, & Gallo, 2019; Escalante, Gentry, Kern, & Waryasz, 2017; Feito, Burrows, & 
Tabb, 2018; Feito, Burrows, & Tabb, 2018; Grier, Canham-Chervak, McNulty, & Jones, 
2013; Hak, Hodzovic, & Hickey, 2013; Mehrab, de Vos, Kraan, & Mathijssen, 2017; 
Minghelli & Vicente, 2019; Montalvo et al., 2017; Sprey et al., 2016; Summitt, Cotton, Kays, 
& Slaven, 2016; Tafuri, Salatino, Napoletano, Monno, & Notarnicola, 2019; Weisenthal, 
Beck, Maloney, DeHaven, & Giordano, 2014).  The identification of these 14 studies 
reporting injury epidemiology findings constitutes prima facie support for the potential 
viability of a systematic review of these, and any other relevant studies.  
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Three prospective observational cohort studies were identified (S. Moran, Booker, Staines, & 
Williams, 2017; Serenko & Lafontaine, 2018; Williams, Booten, Watson, Rowland, & Altini, 
2017).  S. Moran et al. (2017) investigated both injury epidemiology (TRIPP step 1) and the 
role of movement quality (using Functional Movement Screen indices) as a risk factor 
(TRIPP step 2).  Similarly, Serenko and Lafontaine (2018) also used the Functional 
Movement Screen to investigate movement quality as a possible injury aetiological factor 
(TRIPP step 2).  Whereas Williams et al. (2017) explored aetiological factors (TRIPP step 2) 
by monitoring heart-rate variability and workload in six CrossFit competitors over 16 weeks 
to investigate whether monitoring heart-rate variability indices may provide useful 
information related to injury risk.  Along with Drum et al. (2017), these three prospective 
studies were the only identified investigations of aetiological and mechanistic factors (TRIPP 
step 2). 
 
A single randomised controlled trial was identified, and was assigned to TRIPP step 4 
(Moehlecke & Forgiarini, 2017).  This study was the only identified report of a preventive 
intervention involving CrossFit participants.  The intervention was pre-workout spinal 
manipulation, and the target disorder was low back pain associated with training.  Although 
some definitions of sports injury may not consider pain (as an isolated symptom) to be injury, 
the sequalae of low back pain often involves time-loss from sport and work, reduced 
participation in training and competition, reduced quality-of-life, and is frequently associated 
with healthcare consultation.  Further, low back pain is well-recognised to be problematic 
amongst competitors over the full spectrum of sporting codes (Trompeter, Fett, & Platen, 
2017), and in all practical terms, is therefore synonymous with injury. 
 
Figure 5 displays a visual map locating all eligible studies within a ‘territory’ bounded by the 
stages of the sports injury prevention research models of van Mechelen et al. (1992) and 
Finch (2006) (y-axis), and hierarchy of study designs (x-axis). 
 
  
Table 2.  Characteristics of eligible articles 
 
Author Year Design Source title Article 
Type 
Aim / Objective / Purpose Topic focus Participant 
descriptors 







O’Connor et al 
(2017) 
NA Military Medicine Letter Comment on: Poston et al (2017) Injury NA NA 1 NA 
Poston et al 
(2017) 
NA Military Medicine Letter In response to: O'Connor et al (2017) Injury NA NA 1 NA 
de Almeida et al 
(2018) 
NA Clinical Journal of 
Sport Medicine 
Letter In response to: Hopkins et al (2017) Rhabdomyolysis NA NA 1 NA 
Dominski et al 
(2019) 
NA Journal of Science 
and Medicine in 
Sport 
Letter Comment on: Hopkins et al (2019) Rhabdomyolysis NA NA 1 NA 
Hadeed et al 
(2011) 
Case study Medicine and 




NR Rhabdomyolysis 1, 33y, M USA 1 No specific finding. 
Joondeph et al 
(2013) 
Case study Case Reports in 
Ophthalmological 
Medicine 
Original “To describe a traumatic retinal 
detachment occurring as a result of 





1, 25y, M  USA 1 “Trainers and athletes need to be aware of the 
potential for ocular injury from elastic exercise 
bands and take appropriate precautions.” 
Friedman et al 
(2015) 
Case study Sports Health: A 
Multidisciplinary 
Approach 
Original NR Muscle tear 
(latissimus dorsi) 
1, 43y, M USA 1 “We present a case of a myotendinous latissimus 
torso injury in a recreational athlete, managed 
conservatively. The patient returned to complete 
preinjury level of activity within 6 months after 
the inciting event, with mild residual functional 
deficit.” 
Lu et al 
(2015) 
Case study Emergency 
Radiology 
Original “We report a series of three cases of 
cervical internal carotid artery 







USA 1 “While direct causality cannot be proven, intense 
CrossFit workouts may have led to the internal 
carotid artery dissections in these patients.” 
Madhur et al 
(2015) 
Case study International 
Journal of 
Medical Students 
Original NR Rhabdomyolysis 1, 33y, M 
1, 37y M 
USA 1 “Exertional rhabdomyolysis exemplified by the 
cases presented highlights a rising concern over 
the health consequences of the popular training 
program. CrossFit-induced rhabdomyolysis is 
underrecognized and should be considered in 
patients presenting with signs and symptoms of 
rhabdomyolysis.” 
Welsh et al 
(2016) 




Original “This case will discuss the clinical 
presentation, diagnostic procedures, 
and management of an isolated 
posterolateral corner injury and 
highlight the importance of early 
recognition and referrals from 





1, 44y, M Canada 1 “This case highlights the need for a high index of 
suspicion for a posterolateral corner injury when 
the mechanism and clinical findings support the 
diagnosis, even in the absence of MRI findings. 
While the evidence supports surgical methods for 
Grade III tears, further research on rehabilitation 
in conservative cases is needed.” 
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Esser et al 
(2017) 




Original “This case exemplifies the unique 






1, 36y, M USA 1 “Sports medicine providers should be familiar 
with both trends in sports/fitness participation 
and the associated unique risks that such sports 
pose, so as to adequately counsel patients on 
safety of participation and to correctly identify 
the cause of injury when evaluating patients in 
the clinical setting” 
Ledon et al 
(2017) 
Case study Military Medicine Letter “Report the case of a 21-year-old 
woman who presented with a 1-year 
history of recurrent rash on her upper 
chest and anterior thighs.” 
Contact dermatitis 1, 21y, F USA 1 “This case highlights that even a relatively short 
contact with gym equipment is sufficient to elicit 
allergic contact dermatitis in sensitised 
individuals.” 
Mendes et al 
(2018) 
Case study Undersea and 
Hyperbaric 
Medicine 
Original NR Rhabdomyolysis 1, 29y, M Brazil 1 “Acute compartment syndrome in the arms after 
intense physical exercise is a rare occurrence that 
should be suspected by practitioners of physical 
activity experiencing intense, disproportionate 
and progressive pain.” 
Meyer et al 
(2018) 
Case study Clinical Journal of 
Sport Medicine 
Original NR Rhabdomyolysis 1, 31y, F USA 1 “This case report demonstrates that CrossFit 
exercises can lead to rhabdomyolysis, 
highlighting a condition that may be 
underdiagnosed and underreported” 
Routman et al 
(2018) 
Case study Journal of Bone 
and Joint Surgery 
Case Connector 
Original NR Rhabdomyolysis 1, 27, F 
1, 26y, F  
USA 1 “With marked increase in the popularity of 
extreme fitness, monitoring for rhabdomyolysis 
and potential renal dysfunction is essential.” 
Godoy et al 
(2019) 
Case study BMC 
Musculoskeletal 
Disorders 
Original NR Stress fracture 
(humerus) 
1, 22y, F Brazil 1 “We also highlight the importance of accurate 
imaging evaluation, to exclude other causes of 
shoulder pain. This report describing a novel 
finding of a bone stress injury in a CrossFit 
athlete and contributes to better understanding of 
possible upper extremity lesions during weight-
lifting in this sport modality.” 
Alexandrino et 
al (2014) 
Case series Journal of 
Neurology 
Original NR Stroke 1, 32y, M a  USA 1 “This case series confirms that stroke associated 
with sport is very rare. The majority of the 
victims did not have vascular risk factors. 
Dissection was the most common cause of sport-
associated stroke. Strokes were often disabling. ” 
Jackson et al 
(2017) 
Case series Journal of the 
Royal Naval 
Medical Service 
Original “To highlight patellofemoral joint 
chondral injuries as a potential 
complication of military servicemen 




1, M, 36y 
1, M, 35y 
1, M, 31y 
UK 1 “We aim to highlight patellofemoral joint 
chondral injuries as a potential complication of 
military servicemen engaging in high-intensity 
functional training programmes. This may allow 
medical staff to identify the injuries early, and 
highlight this possible injury mechanism to 
Physical Training staff to help educate 
participants and mitigate the risk of injury.” 
 
  





NR Rhabdomyolysis 11, 34.9y USA 1 “CrossFit participation poses significant risks to 
participants, including exercise-induced 
rhabdomyolysis. Further study is needed to raise 
awareness of this issue and further quantify risk 
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factors, such as inadequate experience, which can 
promote injury during participation.” 
Riff et al (2018) Case series American Journal 
of Sports 
Medicine 
Original “To evaluate patients’ ability to return 
to high-intensity interval training 
(HIIT) after hip arthroscopic surgery 






19 F c 
34.7 ± 6.9y 
Range 
21-49y 
USA 3 “Arthroscopic treatment of femoroacetabular 
impingement syndrome in recreational HIIT 
participants resulted in significant improvements 
in hip function and predictably high rates of 
patient satisfaction. Postoperatively, 88% of 
patients returned to HIIT, 44% noted 
improvement from preinjury HIIT performance, 
and the mean weekly participation was 
comparable with before the injury 
Hopkins et al 
(2019) 
Case series Journal of Science 
and Medicine in 
Sport 
Originalb NR Rhabdomyolysis 9 M 
2 F 
34.9y 
USA 1 “CrossFit participation poses significant risks to 
participants including exercise induced 
rhabdomyolysis. Further study is needed in order 
to raise awareness of this issue and further 
quantify risk factors that may promote injury 
during participation” 
Knapik et al 
(2015) 
Narrative review Journal of Special 
Operations 
Medicine 
Original NR Injury NA USA 1 “If extreme conditioning programs (ECPs) are 
included in exercise programs, trainers should (1) 
have appropriate training certifications, (2) 
inspect exercise equipment regularly to assure 
safety, (3) introduce ECPs to new participants, 
(4) ensure medical clearance of soldiers with 
special health problems before participation in 
ECPs, (4) tailor ECPs to the individual soldier, 
(5) adjust rest periods to optimize recovery and 
reduce fatigue, (6) monitor soldiers for signs of 
overtraining, rhabdomyolysis, and other 
problems, and (7) coordinate exercise programs 
with other unit training activities to eliminate 
redundant activities and minimize the risk of 
overuse injuries.” 
Poston et al 
(2016) 
Narrative review Military Medicine Original “(1) to provide an overview of 
scientific methods used to 
appropriately compare injury rates 
among fitness activities and (2) 
evaluate scientific data regarding 
potential injury risk of HIFT fitness 
programs compared to traditional 
military PT and other fitness 
activities.” 
Injury NA USA 1 “Current research evidence indicates that HIFT 
programs, including CrossFit, pose similar or 
lower potential for injury than many traditional 
PT activities, while resulting in similar or better 
gains in overall fitness and body composition.” 
Tibana et al 
(2018) 
Narrative review BMJ Open Sport 
& Exercise 
Medicine 
Original “Review the prevalence and 
incidence of injuries, rhabdomyolysis, 
physiological responses and chronic 
adaptations to extreme conditioning 
programs.” 
Injury NA NA 1 “The majority of the available evidence confirm 
that the estimated injury rate among athletes 
participating in extreme conditioning programs is 
similar to that in weightlifting and most other 
recreational activities.”  
Hopkins et al 
(2017) 
Clinical records    
audit 
Clinical Journal of 
Sport Medicine 
Original “To examine the type of injuries that 
occur with high-intensity CrossFit 
workouts that may perhaps lead to 
preventative measures for future 
injury.” 
Injury (spine) 51 M 
38 F 
37.1 ± 8.9y 
USA 1 “CrossFit is a popular, high-intensity style 
workout with the potential to injure its 
participants. Spine injuries were the most 
common type of injury observed and frequently 
required surgical intervention.”  
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Rynecki et al 
(2018) 
Clinical records    
audit 
Medicine and 




“To determine injury incidence 
coinciding with increased popularity 
of CrossFit and identify ways 
physicians can advise patients prior to 
participation.” 
Injury NR USA 1 “Given increases in injuries related to high-
intensity workout programs like CrossFit, athletes 
should be educated on how to minimize 
preventable injuries.”  









Original “To determine if these new programs 
(Advanced Tactical Athlete 
Conditioning Program, Extreme 
Conditioning Programs [including 
CrossFit]) had an effect on injury 
rates and physical fitness.” 
Injury rates and 
physical fitness 
NA USA 1 “Given that soldiers participating in Advanced 
Tactical Athlete Conditioning/Extreme 
Conditioning Programs showed similar changes 
in injury rates compared to soldiers not 
participating in [these programs], no 
recommendation can be made for or against 
implementation of Advanced Tactical Athlete 
Conditioning Program/Extreme Conditioning 
Programs.”  







Original “To define the risk of injury during 
CrossFit workout participation and 
also define the pattern of sustained 
injuries.” 





USA 1 “Injury rates with CrossFit training are similar to 
that reported in the literature for sports such as 
Olympic weight-lifting, power-lifting and 
gymnastics and lower than competitive contact 
sports such as rugby union and rugby league. 
Shoulder and spine injuries predominate with no 
incidences of rhabdomyolysis obtained.”  






Journal of Sports 
Medicine 
Original “Establish injury rate among CrossFit 
participants and to identify trends and 
associations between injury rates and 
demographic categories, gym 
characteristics, and athletic abilities.” 




UK 1 “Injury rates with CrossFit training are similar to 
that reported in the literature for sports such as 
Olympic weight-lifting, power-lifting and 
gymnastics and lower than competitive contact 
sports such as rugby union and rugby league. 
Shoulder and spine injuries predominate with no 
incidences of rhabdomyolysis obtained.”  






& Sports Health 
Care 
Original “To examine the characteristics of 
participants engaged in CrossFit 
training, including prior injury 
history, CrossFit experience, and joint 
injuries sustained during CrossFit 
practice.  To examine the association 
between these characteristics and the 
prevalence of new joint injuries 
reported since the initiation of 
CrossFit training.” 




USA 1 “A significant correlation was found between 
history of prior injury and an increased 
prevalence of new injury in individuals 
participating in CrossFit training. Individuals 
with a history of joint injury were 3.75 times as 
likely to sustain an injury during CrossFit 
training (P = .04; 95% confidence interval: 0.88, 
18.6). Clinicians should be aware that patients 
with prior injuries may be more susceptible to 
injury during CrossFit workouts.” 







Original “To compare the clinical outcomes of 
exertional rhabdomyolysis with other 
causes of rhabdomyolysis.” 
Rhabdomyolysis 25 M 
9 F 
35.5y 
Australia 1 “Exertional rhabdomyolysis resulting from high-
intensity resistance training appears to have a 
benign course compared with rhabdomyolysis of 
other aetiologies in patients with a serum creatine 
kinase greater than 25 000 units/L. Conservative 
management of ER appears to be adequate, 
although this requires confirmation in future 
prospective studies 





Open Journal of 
Sports Medicine 
Original “To evaluate the profile, sports 
history, training routine, and presence 
of injuries among athletes of 
CrossFit.” 
Injury 323 M 
243 F 
31.3 ± 7y 
Brazil 1 “CrossFit injury rates are comparable to those of 
other recreational or competitive sports, and the 
injuries show a profile similar to weight lifting, 
power lifting, weight training, Olympic 
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gymnastics, and running, which have an injury 
incidence rate nearly half that of soccer.” 





Sports Health Original “Hypothesis: Exercises performed 
during CrossFit do not place the 
shoulder at greater risk for injury.  
Injury rates are comparable to other 
sports of similar intensity.” 
Injury (shoulder) 187 
18-25y 24% 
26-30y 64% 
≥ 31y 12% 
USA 1 “Shoulder injury rates during CrossFit training 
are comparable to other methods of recreational 
exercise.” 





Journal of Sports 
Medicine & 
Physical Fitness 
Original “Aimed at recording symptoms of 
post-exercise physical dysfunction 
(e.g., excessive muscle soreness, 
shortness of breath) following 
CrossFit and ratings of perceived 
exertion during CrossFit compared 
with training according to the 
American College of Sports Medicine 
(ACSM) guidelines.” 
Rhabdomyolysis 101 CrossFit 35 
± 8 y 
56 ACSM  
35 ± 10y 
USA 2 “CrossFit leads to “very hard” perceived exertion 
causing detrimental post-exercise effects on 
muscle and ventilatory function in experienced 
athletes. Improved training progression with 
adequate recovery schedules are needed to 
prevent severe muscle injury, such as exertional 
rhabdomyolysis.” 






Journal / Medicina 
Sportivâ 
Original “To examine the injury rates and 
injury patterns among CrossFit 
participants in Costa Rica…” 
Injury 88 M 
31.3 ± 8.4y 
71 F 
31.3 ± 9.1y 
Costa Rica 1 “The injury incidence rates in this study are 
similar to those reported in other CrossFit and 
weightlifting studies and less than those reported 
in American football and soccer studies. 
Participants that compete in CrossFit 
competitions and have been doing CrossFit for 
longer periods of time are also more likely to 
sustain an injury related to CrossFit.” 






Journal of Sports 
Medicine 
Original “To investigate the incidence of 
injuries for persons participating in 
CrossFit.  Risk factors for injury and 
injury mechanisms were also 
explored through athlete 
demographics and characteristics.” 
Injury 266 M 
183 F 
31.9 ± 8.3y 
Netherlands 1 “The injury incidence for athletes participating in 
CrossFit was 56.1%. The most frequent injury 
locations were the shoulder, lower back, and 
knee. A short duration of participation (<6 
months) was significantly associated with an 
increased risk for injury.” 





Journal of Sports 
Science and 
Medicine 
Original “…examine injury epidemiology and 
risk factors for injury in CrossFit 
athletes.” 
Injury 94 M 
97 F 
31.7 ± 9.4y 
USA 1 “Injury rates during CrossFit and location of 
injuries were similar to those previously reported. 
Injury incidence was similar to related sports, 
including gymnastics and powerlifting. While 
being competitor was related to injury, increased 
exposure and length of participation in CrossFit 
likely underlied [sic] this association.” 






Journal of Sports 
Medicine 
Original “To examine the incidence of injuries 
related to CrossFit participation and 
to estimate the rate of injuries in a 
large cross-sectional convenience 
sample of CrossFit participants from 
around the world.” 
Injury 3049 
36.8 ± 9.8y 
USA 1 “Our findings suggest that CrossFit training is 
relatively safe compared with more traditional 
training modalities. However, it seems that those 
within their first year of training as well as those 
who engage in this training modality less than 3 
days per week and/or participate in less than 3 
workouts per week are at a greater risk for 
injuries.” 










“To examine the prevalence and 
incidence of injury among individuals 
engaged in CrossFit training over a 
four-year period.” 
Injury 1567 M, 1482 F USA 1 “Our findings support the notion that CrossFit 
training has similar rates of injury than other 
forms of exercise training.” 
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Journal of Sports 
Medicine 
Original “To compare the likelihood of self-
reported injury and severity in 
CrossFit and traditional weightlifting 
in the previous 2 years.  Hypothesis: 
CrossFit participants would have a 
higher 2-year likelihood of injury and 
medical care compared to traditional 
weightlifting.” 
Injury 53 M 
69 F 
37.5y 
USA 1 “Athletes participating in CrossFit are more 
likely to be injured and to seek medical treatment 
compared with participants in traditional 
weightlifting. Despite these findings, the 
increased likelihood of injury may have less to do 
with the exercises involved with CrossFit and 
more related to the intensity with which the 
exercises are performed, and thus increased 
awareness is needed to prevent further injuries.”  





Journal of Sports 
Medicine and 
Physical Fitness 
Original “Determined injury epidemiology and 
risk factors for injury in Portuguese 
CrossFit practitioners.” 
Injury 152 M 
118 F 
Range 15-53y 
Portugal 1 “Injuries proved to be common among CrossFit 
practitioners, especially those who train less 
and/or do not take part in competitions.” 





Journal of Sports 
Medicine and 
Physical Fitness 
Original “To examine injury epidemiology and 
risk factors for injury in CrossFit.” 
Injury 325 M 
129 F 
28.8 ± 7.9y 
Italy 1 “According our results the risk of injury in the 
Cross Fit practice is acceptable and, as discussed 
in a recent published review, CrossFit is 
comparable to other exercise programs with 
similar injury rates and health outcomes.”  






Journal of Sports 
Medicine and 
Physical Fitness 
Original “To prospectively examine the injury 
risk associated with CrossFit training, 
and investigate the influence of 
potential risk factors (including 
Functional Movement Screen) upon 
this injury risk.” 
Injury 66 M 
51 F 
35 ± 10y 
UK 1, 2c “The injury incidence rate associated with 
CrossFit training was low, and comparable to 
other forms of recreational fitness activities. 
Previous injury and gender were identified as risk 
factors for injury, whilst the role of movement 
competency in this setting warrants further 
investigation.”  






Journal of Sports 
Science and 
Medicine 
Original “To investigate the interaction 
between heart rate variability, 
workloads, and risk of overuse 
problems in competitive CrossFit 
athletes.” 
Injury 3 M 
26 ± 4y 
3 F 
27 ± 2y 
UK 2 “The risk of overuse problems was substantially 
increased when a ‘low’ Ln rMSSDweek [an 
index of heart rate variability] was seen in 
combination with a ‘high’ acute-chronic 
workload ratio (relative risk: 2.61, 90% CI: 1.38 
to 4.93). In contrast, high acute-chronic workload 
ratios were well-tolerated when Ln rMSSDweek 
remained ‘normal’ or was ‘high’.” 
  






Florida Gulf Coast 
University 
Thesis “To determine if a correlation exists 
between the FMS and increased risk 
for injury during CrossFit training.” 
Injury 21 M 
20 F 
29 ± 6.3y 
USA 2 “Not able to determine a statistically significant 
relationship between incidence of injury of 
Functional Movement Screen scores in CrossFit 
athletes.” 
  
Moehlecke et al 
(2017) 
RCT Coluna/ Columna Original “To evaluate the efficacy of acute 
chiropractic adjustment in individuals 
who practice CrossFit with regard to 
complaints of low back pain and the 
joint range of motion in this region.” 
Low back pain 29 M 
21 F 
30 ± 5y  
Brazil 4 “Acute chiropractic adjustment (high-velocity 
low-amplitude diversified technique) was shown 
to be effective in reducing the perception of 
lumbar pain and in improving the amplitude of 
joint movement in individuals who practice 
CrossFit training with complaints of low back 
pain.”  




Sports Medicine Original “To systematically review the injury 
epidemiology of these weight-training 
sports, and, where possible, gain 
some insight into whether this may be 
Injury NA NA 1 “While the majority of the research we reviewed 
utilized retrospective designs, the weight-training 
sports appear to have relatively low rates of 
injury compared with common team sports. 
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affected by age, sex, competitive 
standard, and bodyweight class.” 
Future weight-training sport injury epidemiology 
research needs to be improved, particularly in 
terms of the use of prospective designs, diagnosis 
of injury, and changes in risk exposure.”  






Original “To analyse the current research on 
CrossFit, and assess the benefits and 
risks of this exercise strategy.” 
Benefits and risks NA NA 1 “Occupational health nurses should assess 
previous injuries prior to recommending this 
form of exercise. Ideal candidates for CrossFit 
are adults who seek high-intensity exercise with a 
wide variety of exercise components.”  






Original “To analyse the findings of scientific 
literature related to CrossFit via 
systematic review and meta-
analysis.” 
Range of topics NA NA 1 “The current scientific literature related to 
CrossFit has few studies with high level of 
evidence at low risk of bias. However, 
preliminary data has suggested that CrossFit 
practice is associated with higher levels of sense 
of community, satisfaction, and motivation.”  






Original “To analyse the injury profile of 
CrossFit practitioners through a 
systematic review.” 
Injury NA NA 1 “It was concluded that the most commonly 
affected body region among CrossFit 
practitioners was the shoulders, predominantly in 
males and with previous injuries, often obtained 
in other modalities. In addition, CrossFit can be 
safely practiced by individuals aged 18-69.”  




Journal of Sport 
Rehabilitation 
Original “To ascertain the incidence of injury 
with CrossFit relative to other forms 
of exercise.” 
Injury NA NA 1 “Current evidence suggests that the injury risk 
from CrossFit training is comparable to Olympic 
weightlifting, distance running, track and field, 
rugby, football, ice hockey, soccer or gymnastics. 
Injuries to the shoulder(s) appear to be somewhat 
common with CrossFit.” 
Feito et al 
(2019) 




Original “(1) review the literature on the topic; 
(2) synthesize the available research 
and examine the most popular issues, 
trends, and methodologies used; and 
(3) present an overall state of the 
literature and propose potential 






“The literature contributed significantly to the 
development of high-intensity functional training 
concepts, yet additional studies are needed to 
elucidate how high-intensity functional 
training/CrossFit training may differ from more 
traditional training programs.” 




Sport Sciences for 
Health 
Original “To conduct a systematic review of 
the recent research output produced 
on CrossFit and to examine the 
benefits and risks of the high-
intensity CrossFit training.” 
Benefits and risks NA NA 1 “The findings of this study indicate that intense 
CrossFit training improves the six out of ten 
general physical skills of athletes, as proposed by 
CrossFit Inc., such as cardiovascular/respiratory 
endurance, stamina, strength, flexibility, power 
and balance. The other four physical skills, such 
as speed, coordination, agility, and accuracy, are 
yet to be verified.”  
 
 Notes:   a = 1 of the 10 cases presented involved a participant of CrossFit; b = Li et al (2018) is a conference abstract, the same data are also represented in a full paper by Hopkins et al (2019);  c = 22 of the 32 cases were CrossFit 
participants, others were high-intensity functional training (participant descriptors presented represent overall 32 cases); c = S. Moran et al (2017) includes two elements: injury epidemiology (TRIPP 1), and a movement quality association 
with injury (TRIPP 2). Abbreviations: n = number, TRIPP = Translating Research into Injury Prevention Practice (Finch, 2006), NA = not applicable, y = years, M = male, F = female, USA = United States of America, UK = United 
Kingdom, RCT = randomised controlled trial.  
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Figure 5. Visual map locating all identified studies within a ‘territory’ bounded by the stages of the sports injury prevention research models of van Mechelen et al. (1992) and Finch (2006) (y-
axis), and hierarchy of study designs (x-axis).  The diameter of each circle is proportionally scaled.  Notes: a = S. Moran et al. (2017) report findings related to both TRIPP 1 and TRIPP 2, and 
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To the author’s knowledge, this scoping review is the first to address injury and 
CrossFit.  Broadly, this scoping review was undertaken to identify the current state of 
research literature in the intersection between sports injury prevention research and 
CrossFit.  More specifically, the objectives were to 1) identify the types of available 
evidence, 2) map the injury literature against the TRIPP framework, 3) inform 
directions for further research, and 4) as a precursor to a systematic review. 
 
Types of available evidence 
Mapping the type and volume of the literature against the TRIPP steps (Finch, 2006) 
reveals that the knowledge base is limited in both number of studies, and in the types 
of research designs being employed.  Of the 53 articles included in the review, 90% 
were assigned to TRIPP step 1.  For a relatively new topic of research, this proportion 
is to be expected, but it is also clearly evident that additional studies of more rigorous 
design (i.e. prospective rather than cross-sectional/retrospective data collection) are 
necessary given just one study reporting injury epidemiology and only three 
investigating aetiological mechanisms.  The preponderance of cross-sectional (n=14), 
rather than prospective (n=1) studies reporting injury epidemiology findings (step 1) 
provides some broad clues as to the level of evidence here, however, an appraisal of 
risk-of-bias and evidence synthesis using systematic review methods is necessary to 
provide more robust insight. 
 
Mapping against the TRIPP framework 
While mapping for article parameters such as source, country of origin, and study 
type are all informative, this information provides little guidance as to the overall 
state of scholarship and fails to identify where deficits in knowledge might exist and 
in which directions researchers should focus resources.  In addition to mapping of 
basic study parameters (Table 2), the scoping review reported here employed a second 
mapping process where articles were located between two axes (Figure 5).  The x-axis 
was design rigor (arranged in rank order from weakest to strongest), and the y-axis 
was composed of the TRIPP steps.  Letters to the editor and other similar forms of 
correspondence are considered an important forum for scholarly discourse 
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(Falavarjani, Kashkouli, & Chams, 2016; International Committee of Medical Journal 
Editors, 2019).  While not typically included within evidence hierarchies, letters were 
displayed here for the reason that capture of correspondence within the map aligns 
with the general intention of scoping reviews to provide broad perspective on the state 
of research (Munn et al., 2018).   
 
To the author’s knowledge, the approach to visual mapping as used here, has not been 
previously employed in other scoping reviews, but was developed to efficiently 
portray in conceptual terms, an overall impression of the types and purposes of 
research in this area.  As a new method of representing scoping findings, this 
approach should be considered as being developmental, and several limitations are 
acknowledged.  These include: 
 
1. Study designs on x-axis. The study designs marked on the x-axis represent 
those identified amongst the eligible studies.  This approach fails to identify 
study designs that were not employed amongst the eligible studies thus failing 
to represent areas of absence e.g. there were no qualitative designs amongst 
the eligible studies, thus, qualitative designs were not marked on the x-axis.  
Further consideration is needed to define what constitutes an appropriate ‘full-
set’ of designs that should be evident on the x-axis. 
2. Consideration of rank order for study designs displayed.  The rank order 
utilised here on the x-axis is broadly consistent with classic evidence 
hierarchies (e.g. Oxford Levels of Evidence, 2009). However, at least 80 
different evidence hierarchies have been identified (Blunt, 2015), and the 
selection of a specific hierarchy for the x-axis needs to be further considered 
within the context of sports injury prevention, and of the research question 
addressed by the scoping review. 
3. Assigning a TRIPP step.  The process of assigning an article to a TRIPP step 
was undertaken by one reviewer using a pragmatic evaluation of the reported 
aims and design.  The development and refinement of more formal criteria to 
assign an article to a step is necessary to ensure systematic and replicable 
process and enable multiple reviewers to collaborate. 
4. Not all cells are relevant.  Here, each cell of the matrix was considered to be a 
possible intersection point in which a study could be potentially located.  
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However, it is apparent that not every cell is usefully, or meaningfully, 
populated.  For example, RCTs are not viable methods of injury surveillance 
and thus the intersection of TRIPP step 1 and RCT could be marked ‘Not 
Applicable’ or otherwise removed as an option.  There may be other 
intersection points that are similarly not applicable, and further use of this 
mapping approach by others may identify these. 
5. Axis of sophistication.  An ‘axis of sophistication’ is shown extending across 
the map to illustrate a theoretical axis where both higher-order research 
designs and higher-order TRIPP steps converge.  If the state of research was 
mature, higher numbers of studies would be expected in the top-right of the 
map, thus reflecting both more rigorous designs applied to areas of most 
impact in ‘real-world’ conditions.  It is not clear if this axis is helpful in 
communicating the state of research, but further development and peer review 
may clarify its utility. 
 
Informing directions for further research 
The origin of CrossFit was less than 20 years ago and the first scholarship on the topic 
of CrossFit less than 10 years ago, making it a newly emergent field of inquiry.  This 
recency, taken together with the findings of this review (i.e. research design typology, 
volume, and TRIPP step) points to considerable opportunity for further research in the 
area of CrossFit generally, and in injury prevention specifically.   
 
Scoping review as a pre-cursor to systematic review 
Scoping reviews can serve as useful pre-cursors for systematic reviews by identifying 
the size and state of the literature (Munn et al., 2018).  Scoping reviews provide 
insight into how reviewers can formulate answerable research questions and 
eligibility criteria, by providing assurance that suitable numbers and types of study are 
available, thus avoiding the potential for ‘empty’ systematic reviews.  Empty reviews 
occur when no studies are available that satisfy inclusion criteria (Lang, Edwards, & 
Fleiszer, 2007), thus compromising the feasibility of conducting a systematic review 
with interpretable conclusions (Yaffe, Montgomery, Hopewell, & Shepard, 2012). 
Empty, or non-feasible (i.e. low numbers of studies) reviews may arise when the area 
of study is very new (Yaffe et al., 2012), or when there is an attempt to synthesise a 
body of evidence that is immature (Cooper, 2010). Given the apparent recency of 
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CrossFit as a topic of scholarship, it is not immediately obvious whether the literature 
is sufficiently mature to presume the feasibility of a systematic review.  In planning a 
systematic review of injury epidemiology within the thesis, the identification by this 
scoping review of a non-trivial number of injury epidemiology studies provided 
assurance of the feasibility of systematic review (as reported in Chapter 4). 
 
Wider literature 
Based on the search strategies employed here, it appears that no other scoping reviews 
have been published on the topic of CrossFit generally, or CrossFit and injury 
specifically.  Although not a scoping review,6 Feito et al. (2019) have recently 
published a content analysis of the high-intensity functional training literature for the 
stated purpose of “guiding scientific inquiry in this area of research”.  The parameters 
of interest in the content analysis of Feito et al were: year of publication, country of 
origination, peer-reviewed journals, areas of topical interest, research designs 
employed in investigating CrossFit.  Whereas the current scoping review was focused 
exclusively on the topic of injury, Feito et al. (2019) referenced all disciplines and 
topics intersecting with high-intensity functional fitness and CrossFit.   
 
Limitations 
In any review, it is possible that relevant articles were not identified or included.  This 
is of particular relevance given the broad nature of eligibility for inclusion, and 
inclusion of both indexed and grey literature.  The best practice conventions for 
identifying, locating, and grey literature are not well established, with search strategy 
and terms of reference highly specific to the reviewer’s intended application.  Here, 
search of grey literature was delimited to two electronic databases (ProQuest and 
Cochrane Library) both known to be useful sources of grey literature (Bonato, 2018).  
Further expansion of grey literature search may identify further relevant articles, 
especially of unpublished theses, conference papers and abstracts, but it is not likely 
that these would change the general tenor of the main findings. 
 
6 Although content analysis has not been recognized in review typologies (Grant & Booth, 2009), the 
SALSA framework characteristics (i.e. Search, AppraisaL, Synthesis, Analysis) are evident within 
content analysis methodology, and thus Feito et al. (2019) is considered here as a form of review that is 
complementary to the scoping review of this study. 
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In this review, articles not published in English were ineligible.  The decision to 
exclude non-English articles was based on pragmatic considerations related primarily 
to funding.  Approximately 30 articles were excluded at the point of screening thus 
representing a non-trivial body of work.  However, on a probabilistic basis, it is 
unlikely that amongst these articles there exists a substantial number of articles in the 
area of injury prevention research that map to the higher steps of the TRIPP 
framework.  Nevertheless, the exclusion of articles because of language introduces the 
potential for language bias (Morrison et al., 2012).  It is recommended that future 
updates of this scoping review address this through suitable funding and/or 
identifying international collaborators (particularly European languages) who might 
facilitate translation. 
 
Methodological issues in conduct of the review 
One reviewer 
Guidance for the conduct of scoping reviews, like that of systematic reviews 
generally, indicates that at least two reviewers should independently conduct the 
search, and also apply eligibility criteria (Levac et al., 2010; The Joanna Briggs 
Institute, 2015).  Here, only one author (RM) was involved in conducting the search 
of electronic databases, applying eligibility criteria, and extracting study information.  
This was necessary to satisfy logistic and resource constraints, and while not 
consistent with current best-practice in scoping review methodology (Peters et al., 
2015), the use of one reviewer was a pragmatic design decision that, while it may 
impede publication of the investigation in the peer-reviewed literature, does not erode 
the utility of the findings for the purposes of the thesis.   
 
Risk-of-bias appraisal 
The place of risk-of-bias appraisal within scoping reviews has been the subject of 
debate amongst methodologists.  The Arksey and O’Malley framework does not 
include appraisal of studies within the review (Arksey & O’Malley, 2005), however, 
some commentators have argued that omitting consideration of study quality can 
make interpretation of review findings challenging (Brien, Lorenzetti, Lewis, 
Kennedy, & Ghali, 2010), and may possibly impede the uptake of findings by 
stakeholders (Grant & Booth, 2009).  The Joanna Briggs Institute argue that the 
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purpose of scoping review is to provide an overview of available evidence regardless 
of the inherent risk-of-bias, as such, appraisal of each article is not required (Peters et 
al., 2015).  Moreover, a decision not to undertake risk-of-bias appraisal in this review 
was made because achieving the review objectives did not require risk-of-bias 
appraisal.  A more general issue, highlighted by Levac et al. (2010), is the 
problematic task of selecting an appropriate risk-of-bias tool suitable for the wide 
range of designs included in scoping reviews that address broad questions.  One 
possible solution may be to identify sub-groups of sufficiently similar studies within 
the review that might be appraised using an appropriately matched risk-of-bias tool.  
Here, a sub-group of studies addressing injury epidemiology using cross-sectional and 
prospective designs was identified.  The apparent similarity of research questions and 
designs amongst these studies suggests that closer scrutiny of this group would 
provide useful insight into injury epidemiology associated with participation in 
CrossFit.  Therefore, a systematic review to more directly address questions of injury 
epidemiology was undertaken and is reported in Chapter 4. 
 
Consultation 
The Arksey et al framework indicates that the sixth step of ‘consultation’ be 
considered optional (Arksey & O’Malley, 2005), however, Levac et al. (2010) 
recommend that consultation be a required component.  Here, we elected not to 
undertake a consultation process for three reasons.  Firstly, within the structure of the 
thesis, the scoping review reported here was intended to function as a ‘knowledge 
platform’ for subsequent investigations, particularly the systematic review of injury 
epidemiology (Chapter 4), and also the observational cohort study (Chapter 9).  From 
this perspective, the outcomes of scoping were not intended for generalisation to 
stakeholders, but rather, were intended to serve a methodological purpose within the 
thesis.  Secondly, with the exception of CrossFit Inc., there appear to be no 
identifiable organisations that might reasonably be considered to hold mandated 
representation of a defined stakeholder group.  Obvious candidate stakeholders can be 
defined by ‘type’ (e.g. CrossFit affiliated gym owners, CrossFit coaches, elite 
athletes, recreational athletes, sports injury researchers, and clinical healthcare 
providers with special interest in CrossFit), but none of these appear to have any 
publicly identifiable collective representation.  Finally, notwithstanding any difficulty 
in identifying appropriately representative stakeholders, the findings underscore that 
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research into the interaction between CrossFit and injury are immature, and there are 
few published investigations employing higher-order methodological designs that 
have the potential to meaningfully impact the practice of CrossFit.  Stakeholder 
consultation will be essential in strengthening future scoping reviews as more 







Chapter 2 – Summary points  
• A scoping review of studies reporting injury epidemiology associated with 
participation in CrossFit was undertaken 
• No previous scoping reviews in the field of CrossFit, or high-intensity 
functional fitness training have been published 
• Search included both the indexed literature, and some discrete areas of the 
grey literature 
• The objectives of the review included: 
o  identifying the types of available evidence in the context of injury and 
CrossFit participation; and 
o constructing a visual map of the injury literature against the TRIPP 
framework; and 
o using scoping review as a precursor method to consider the feasibility 
of conducting systematic review of studies reporting injury 
epidemiology associated with participation in CrossFit 
• The approach to visual mapping has not, to the author’s knowledge been 
previously described, and although providing useful insights needs to be 
further scrutinised 
• Suggestions for further development of the visual mapping approach are 
outlined 
• Of the 53 articles eligible for inclusion, 90% were assigned to TRIPP step 1 
• The scoping review identified a sufficient number of injury epidemiology 







Preliminary development of a Risk-of-Bias Appraisal Tool (RIBAT-C) for 








The scoping review reported in Chapter 2 identified that a majority of studies reporting injury 
epidemiology associated with CrossFit were undertaken using cross-sectional, descriptive 
survey designs.  These studies typically involved distribution of a questionnaire to 
participants and requesting information about CrossFit participation and injury history over a 
specific period (e.g. preceding 6-months).  Cross-sectional survey designs are reasonably 
simple in formulation and execution, but are vulnerable to biases that are likely to negatively 
impact on both internal and external validity.  Recall bias is the principal limitation of cross-
sectional designs for sports injury surveillance (Mukherjee, 2015).  Recall bias is directly 
related to limitations of human memory, and several studies have highlighted accuracy issues 
for recall of musculoskeletal injury details when compared to medical records (Lovalekar et 
al., 2017; Schuh-Renner, Canham-Chervak, Grier, & Jones, 2019; Smith et al., 2016).  Two 
fundamental considerations when critically appraising observational studies are: 1) 
identifying sources of bias within the design and execution of the study; and 2) the quality of 
reporting, that is, the extent to which all relevant study information is included within the 
manuscript in order to ensure the work can be understood by readers, replicated by other 
researchers, applied in clinical practice, and included in systematic reviews (Equator-
Network., n.d.).   
 
This chapter reports the development of a tool for appraising risk-of-bias in cross-sectional 
studies (RIBAT-C) investigating the epidemiology of injury associated with participation in 
CrossFit.  The development approach taken was informed by the Cochrane Collaboration 
position that risk-of-bias should be prioritised over quality of reporting (reporting quality) 
because high reporting quality is not sufficient to achieve high methodological quality 
(Higgins & Green, 2011) (see Figure 6).  Nevertheless, reporting quality and risk-of-bias are 
intrinsically linked, and many appraisal tools do combine, at least to some extent, reporting 
quality items alongside risk-of-bias items (Shamliyan, Kane, & Dickinson, 2010). 
 
Relationship between risk-of-bias and the quality of reporting 
It is important to recognise that the quality of reporting is a necessary, but not sufficient 
condition, for methodological quality.  For example, a well-designed and executed study 
could mitigate against a large number of known sources of bias but be poorly reported (e.g. 
missing or unclear reporting of important study characteristics).  A well designed, but poorly 
reported study cannot be appraised as having ‘high’ methodological quality because a 
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reviewer can only objectively appraise a study using the reported information.  In contrast, a 
poorly designed and executed study may be well reported, with the manuscript including all 
relevant information, but an appraisal would identify various sources of bias that threaten the 
internal validity, and in doing so, also erode generalisability.  The relationship between risk-
of-bias and reporting quality is further illustrated in Figure 1. 
 
 
   
   
   
   







              Quality of Reporting 
























Figure 6.  Contingency table demonstrating methodological quality as a function of risk-of-bias and quality of 
reporting.  Note that lower quality of reporting will result in lower methodological quality (red shading) even in 
the case of low risk-of-bias.  Note also that low reporting quality may ‘mask’ a study that was well designed and 
conducted because these features were not apparent to a reviewer.  Higher methodological quality (green 
shading) can only be achieved by low risk-of-bias coupled with high reporting quality, that is, high reporting 
quality is a necessary, but not sufficient condition, for high methodological quality. 
 
Appropriate selection of risk-of-bias tools 
The selection of risk-of-bias tools can directly impact the outcome of systematic reviews, and 
at worst, it has been demonstrated that different tools applied by the same raters to the same 
sample of articles can result in different, or even opposite conclusions (Losilla, Oliveras, 
Marin-Garcia, & Vives, 2018).  This underscores the need for researchers to carefully select 
risk-of-bias tools appropriate to the study design being appraised.  There are few robust 
critical appraisal tools available in considering risk-of-bias for observational study designs 
(Sanderson, Tatt, & Higgins, 2007).  Two options include the Quality Assessment Tool for 
Cohort Studies (Q-Coh) (Jarde et al., 2013), and the Newcastle-Ottawa Scale (Wells et al., 
2013).  The Q-Coh was developed for the purpose of screening methodological quality of 
prospective observational designs.  As such, Q-Coh is not appropriate for appraisal of studies 
employing cross-sectional descriptive designs, as the necessary conditions for applicability of 
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Q-Coh are not satisfied (Jarde et al., 2013).  Similarly, the Newcastle-Ottawa Scale is 
indicated for appraising risk-of-bias in prospective cohort, or case-control designs, and is 
therefore not appropriate for application to cross-sectional designs. 
 
Rationale for development of RIBAT-C 
A key finding of the scoping review (reported in Chapter 2) was that, to date, a majority of 
studies investigating injury epidemiology have employed cross-sectional designs, it was 
therefore necessary to identify an appropriate critical appraisal tool that would enable risk-of-
bias appraisal in the planned systematic review reported in Chapter 4.  Therefore, the 
objectives of the study reported in this chapter were to 1) conduct a preliminary search of the 
literature to identify existing appraisal tools suitable for injury epidemiology studies using 
cross-sectional designs, 2) to conduct a mapping exercise to compare items between existing 
appraisal tools in order to identify redundancy between items originating from existing tools, 
3) compile items from previously published tools to generate an appraisal tool for evaluation 
of risk-of-bias in cross-sectional designs, 4) generate explanatory notes, operational 
definitions, and scoring criteria for each RIBAT-C item; and 5) pilot-test the developed tool 
in a sample of articles reporting cross-sectional designs in the context of injury epidemiology 





Overview of development process 
The RIBAT-C was developed based on existing conceptual knowledge of the various types of 
bias that can negatively impact cross-sectional research designs, particularly in the context of 
sports injury research.  The overall development approach was informed by the framework 
for development of quality assessment tools proposed by Whiting, Wolff, Mallett, Simera, 
and Savovic (2017).  The framework of Whiting et al. (2017) consists of 13 distinct steps, but 
was adapted here by omitting steps not necessary for developing a tool within the thesis 
context.  Specifically, the omitted steps involved funding, assembly of personnel, project 
management, dissemination and knowledge translation. 
 
In brief outline, Step 1 was a search of the indexed literature, supplemented by hand 
searching of reference lists of review papers and other key articles previously identified by 
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the author (RM).  Based on the results of this search, a list of published risk-of-bias tools was 
generated (Step 3), followed by a mapping exercise to identify items that addressed common 
areas of bias (Step 4).  The purpose of mapping was to identify and remove items that 
addressed the same fundamental domains of bias thereby avoiding redundancy.  Following 
mapping, a list of items was generated and the wording of each item revised for grammatical 
accuracy and consistency (Step 5).  In Step 6, the author (RM) drafted explanatory notes and 
guidance for how each item should be interpreted and assessed in the context of CrossFit.  
Finally, Step 7 involved pilot-testing by application of the RIBAT-C items and explanatory 
notes by two reviewers to a sample of articles.  A detailed description of each step follows 
below: 
 
Step 1. Search of the literature 
A search of the MEDLINE/PubMed database was conducted using four search strings. The 
search syntax of each string was developed using terms from the National Library of 
Medicine, Medical Subject Headings (MeSH) database.  
 
Step 2. Hand search of key articles 
To supplement the bibliographic search, ad hoc online search was conducted using Google 
Scholar.  In addition, the reference lists of the articles identifying critical appraisal tools 
relevant to cross-sectional study designs were reviewed. 
 
Step 3. List existing risk-of-bias tools 
Drawing from review of articles identified in Steps 1 and 2, a list of previously published 
tools was compiled. 
 
Step 4. Mapping of existing risk-of-bias items 
In order to identify conceptual overlap between the various tools, a mapping exercise was 
undertaken to methodically compare each item of a selected risk-of-bias tool with items from 
other selected risk-of-bias tools.  The mapping process initially involved consideration of the 
content and type of bias addressed in a given item, and then subsequently, identifying items 
in other risk-of-bias tools that addressed similar or the same content and type of bias.  
Subsequently, a schematic was designed for the purpose of visually illustrating how each of 
the finalised RIBAT-C items were linked to analogous items in the other risk-of-bias tools.  
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Step 5. Compile and edit items 
Based on the mapping exercise, a working list of items was derived.  The phrasing and syntax 
of each item was reviewed and, where necessary, was edited or rephrased to enhance clarity 
and match the language style of other items.  
 
Step 6. Compile set of explanatory notes, operational definitions, and scoring criteria 
For each item, a short description was drafted to provide background information about the 
methodological importance of the item within the context of CrossFit.  Specific design 
parameters that should be addressed by investigators to mitigate known forms of bias were 
outlined, and criteria for how to score the item were operationally defined based on the extent 
to which the defined parameters were satisfied. 
 
Step 7. Pilot the RIBAT-C items in a sample of articles 
Pilot testing of the RIBAT-C tool and its associated documentation was undertaken by two 
reviewers (RM, JM) using a sample of 12 articles identified using the search strategy as 
described in Chapter 4 (Chachula et al., 2016; Elkin et al., 2019; Escalante et al., 2017; Feito, 
Burrows, et al., 2018; Mehrab et al., 2017; Minghelli & Vicente, 2019; Montalvo et al., 2017; 
Sprey et al., 2016; Summitt et al., 2016; Tafuri et al., 2019; Weisenthal et al., 2014).  Both 
reviewers had prior experience in the use of risk-of-bias appraisal tools and the conduct of 
systematic review. 
 
The scope of pilot testing was constrained to determining inter-rater reliability, and informal 
evaluation of the following parameters: Item clarity, item phrasing and grammar, logic of 
rating criteria including identification of contingencies between items, template formatting, 
item sequencing, and identifying errors.  Initially, reviewers met and discussed each item 
after independently studying the explanatory notes and scoring criteria.  Each reviewer 
independently assessed a single arbitrarily selected article before meeting to discuss ratings, 
before proceeding to independently review batches of 2-3 articles prior to meeting to discuss 
scoring and record any feedback for later consideration.  The raw ratings, as independently 
assessed by each reviewer and before discussion or consensus seeking, were recorded for 
tabulation in contingency tables to permit calculation of agreement coefficients for overall 
agreement, and for each Item.  Kappa calculations and 95% confidence intervals were 





Search of literature [objective 1] 
Table 3 displays keywords, syntax, and the number of results for each search.  A PRISMA 
flow diagram (Figure 7) was generated to document the outcomes of the search.  Following 
removal of duplicates, and review of titles and abstracts for relevance, the full-text of 11 
articles were retrieved.  Of the 11 retrieved articles, six reported the development of critical 
appraisal tools for cross-sectional studies (Agarwal, Guyatt, & Busse, n.d.; Downs & Black, 
1998; DuRant, 1994; Giannakopoulos, Rammelsberg, Eberhard, & Schmitter, 2012; Loney, 
Chambers, Bennett, Roberts, & Stratford, 1998; Munn, Moola, Lisy, Riitano, & Tufanaru, 
2015).   
 
Table 3.  Key words and search syntax for identification of articles reporting critical appraisal tools 







(("bias"[MeSH Terms] AND "epidemiologic 
studies"[MeSH Terms]) AND "epidemiologic 








(critical[All Fields] AND appraisal[All Fields] AND 
tool[All Fields]) AND ("cross-sectional studies"[MeSH 
Terms] OR ("cross-sectional"[All Fields] AND 
"studies"[All Fields]) OR "cross-sectional studies"[All 
Fields] OR ("cross"[All Fields] AND "sectional"[All 







("bias"[MeSH Terms] AND "quality control"[All Fields]) 
AND "Research Design/standards"[Mesh] 
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4 Methodological quality 
Cross-sectional studies 
("methodological quality"[All Fields] AND ("cross-
sectional studies"[MeSH Terms] OR ("cross-
sectional"[All Fields] AND "studies"[All Fields]) OR 
"cross-sectional studies"[All Fields] OR ("cross"[All 
Fields] AND "sectional"[All Fields]) OR "cross 








Figure 7.  PRISMA flow diagram of search outcomes. Green text indicates articles reporting critical appraisal 
tools relevant to cross-sectional designs. Red text indicates articles that were excluded for the following reasons: 
Three systematic reviews that did not report appraisal items (Katrak, Bialocerkowski, Massy-Westropp, Kumar, 
& Grimmer, 2004; Shamliyan et al., 2010; Zeng et al., 2015). Two articles reported methodological studies to 
identify measurement properties of existing tools (Shamliyan et al., 2011) or methodological guidance for 
critical appraisal tool development (Whiting et al., 2017). Three articles were commentaries or narrative reviews 
(Boyko, 2013; da Costa, Cevallos, Altman, Rutjes, & Egger, 2011; Fincham & Draugalis, 2013); and one 
article, although reporting development of a critical appraisal tool, phrased items specifically for the content 
area of paediatric surgery (Rangel, Kelsey, Colby, Anderson, & Moss, 2003).  
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Outcome of mapping exercise of existing appraisal tools [objective 2] 
In total, the six articles reported 49 items, and these were subject to the mapping exercise, 











Figure 8.  Schematic illustrating the mapping of items across previous studies. Note: The shape of each item at 
far right indicates the source of the item phrasing.  The numeral enclosed within each shape represents the item 
number assigned by the original author.  Note that Munn et al. (2015) Item 7 was excluded because it was not 




Compilation and editing of items to generate an appraisal tool [objective 3] 
The 11 items identified during mapping were compiled and edited (Table 4).  Eight items originated from Munn et al. (2015) and three from 
Agarwal et al. (n.d.).  Based on the structure of response categories employed in other successful risk-of-bias appraisal tools (Lucas, Macaskill, 
Irwig, & Bogduk, 2010), four outcomes for rating of each item were operationally defined, these were: satisfied (‘yes’), not satisfied (‘no’), not 
able to be determined based on the information available (‘unclear’), or was not applicable (‘N/A’). 
 
 
Table 4.  Compilation and editing of items  
 Item phrasing as identified by mapping exercise   Item phrasing after editing  
1 Was the sample frame appropriate to address the target population?  1 Was the sample frame appropriate to address the target population? 
2 Were study participants sampled in an appropriate way?  2 Were study participants sampled in an appropriate way? 
3 Was the sample size adequate?  3 Was the sample size adequate? 
4 Were the study participants and the setting described in detail?  4 Were the study participants and the setting described in detail? 
5 Was data analysis conducted with sufficient coverage of the identified 
sample? 
 5 Was data analysis conducted with sufficient coverage of the identified 
sample frame? 
6 Were valid methods used for the identification of the condition?  6 Were objective, standard criteria used to define “injury”? 
7 Established validity of the survey instrument?  7 Was the questionnaire valid and reliable? 
8 Was pilot testing of the questionnaire and data collection process 
undertaken? 
 8 Was pilot testing of the questionnaire and data collection process 
undertaken? 
9 Was there excessive missing data within the completed questionnaires?  9 Were there excessive missing data within the completed questionnaires?  
10 Was the response rate adequate, if not, was the low response rate 
managed appropriately? 
 10 Was the response rate adequate, and if not, was the low response rate 
managed appropriately? 
11 Was appropriate statistical analysis used?  11 Were appropriate statistical analyses used? 
Notes: red text indicates edits 
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Generation of explanatory notes, operational definitions, and scoring criteria [objective 4] 
A detailed guidance document (see Annex, p55) was drafted by the author to assist raters in 
interpreting each item in the context of appraising cross-sectional survey designs 
investigating injury epidemiology associated with participation in CrossFit. 
 
Outcome of pilot-testing of the tool [objective 5] 
During the course of pilot testing raters noted that item clarity, phrasing, and grammar were 
satisfactory.  Raters identified that the logical sequencing of items would be improved if the 
item for response rate was ordered prior to the item for consideration of missing data and so 
the final ordering of items 9 and 10 was modified accordingly.  Raters also identified the 
potential for logical contingencies to occur between items.  For example, unless Item 4 is 
satisfied (‘yes’), then Item 1 cannot, by definition, be satisfied, noting that in addition, Item 1 
can be evaluated as a ‘no’ but Item 4 can still be evaluated as ‘yes’.  A note was added to the 
user guide to draw this to users’ attention. 
 
Prior to any discussion between raters, the raw inter-rater agreement across the sample of 12 
articles was ‘moderate’ (kappa = 0.45, 95%CI 0.32 to 0.57) for a 3x3 contingency matrix (i.e. 
yes / no / unclear).  When ‘no’ and ‘unclear’ responses were collapsed together (on the basis 
that both ‘no’ and ‘unclear’ both result in elevated risk-of-bias), and analysed as a 2x2 
contingency matrix (i.e. yes / no+unclear) agreement was ‘moderate’ (kappa = 0.46, 95%CI 
0.27 to 0.66).  Analysis of inter-rater agreement for each of the eleven items is displayed in 





Table 5. Inter-rater agreement considered for RIBAT-C items in a sample of 12 articles 
 Item 1  Item 2  Item 3  Item 4   Item 5  Item 6  Item 7  Item 8  Item 9  Item 10  Item 11 
RATER 
(A, B) 
A B  A B  A B  A B  A B  A B  A B  A B  A B  A B  A B 
A 2 0  1 0  5 0  1 2  0 0  0 1  0 0  3 1  0 0  0 0  0 0 
B 6 4  1 10  1 6  2 7  0 12  2 9  1 11  0 8  1 11  0 12  2 10 
                                 
Percent   
Agreement 
50%   92%   92%   67%   100%  75%   92%  92%   100%   92%  83% 
Kappa 0.18   0.62   0.83   0.11   NC   -0.13   NC   0.80   NC   NC   NC  
95%CI 
LCL, UCL 
-0.08, 0.45  -0.23, 1  0.52, 1  -0.49, 0.71  -   -0.30, 0.05  -   0.43, 1  -   -   -  
Kappa 
Descriptora 
Slight  Substantial  Almost 
Perfect 
 Poor  -  Poor  -  Substantial  -  -  - 
Notes: Grey shaded cells represent 2x2 contingency matrices where A = Rater A (RM), B = Rater B (JM).  
a = descriptors represent the calculated estimate of kappa and were adopted from Landis and Koch (1977) where kappa <0 = poor, 0 to 0.20 slight, 0.21 to 0.40 is fair, 0.41 to 
0.60 is moderate, 0.61 to 0.80 is substantial, and 0.81 to 1.00 almost perfect.   
CI = confidence interval, LCL = lower confidence limit UCL = upper confidence limit.  NC = kappa not calculable and thus a descriptor is not displayed. Percent agreement 





Table 6.  Finalised RIBAT-C items in form of a worksheet 
Item Yes No Unclear N/A 
1. Was the sample frame appropriate to address the target population?     
2. Were study participants sampled in an appropriate way?     
3. Was the sample size adequate?     
4. Were the study participants and the setting described in detail?     
5. Was data analysis conducted with sufficient coverage of the identified sample frame?     
6. Were objective, standard criteria used to define “injury”?     
7. Was the questionnaire valid and reliable?     
8. Was pilot testing of the questionnaire and data collection process undertaken?     
9. Was the response rate adequate, and if not, was the low response rate managed appropriately?      
10. Were there excessive missing data within the completed questionnaires?     
11. Were appropriate statistical analyses used?     
 
Notes: 1. Note the valence of Item 10.  For Item 10 (unlike all other items), a ‘yes’ rating reflects higher risk-of-bias.  2. Detailed instructions and 






The purpose of this study was to develop a tool for assessment of risk-of-bias within 
cross-sectional studies of injury epidemiology in CrossFit participants.  The resulting 
RIBAT-C tool is a product of the systematic application of seven development steps.  
Although developed here for the intention of aiding in a systematic review of injury 
studies within Chapter 4 of the thesis, the RIBAT-C items were expressed in 
sufficiently generic language to permit appraisal of cross-sectional injury studies in 
other sporting codes. 
 
Item clarity 
Pilot testing highlighted that the valence of Item 10 (“Were there excessive missing 
data within the completed questionnaires?”) differs to all other items.  Other than for 
Item 10, a ‘yes’ rating reflects lower risk-of-bias, whereas for Item 10 a ‘yes’ rating 
reflects higher risk-of-bias.  Because of the difference in item valence this item has 
the potential to cause uncertainty amongst raters and perhaps erode inter-rater 
agreement.  A note has been added to the guidance to alert readers to this difference. 
In the pilot, agreement between raters for Item 10 was 100% (kappa non-calculable), 
and so the item wording was retained.  Further testing of the RIBAT-C amongst other 
raters would help determine whether this item is interpretable or requires re-phrasing. 
 
Sequence of items 
To minimise administration burden for raters, the sequence of items should be logical 
and broadly reflect the order of reporting.  For example, during pilot testing it was 
noted that the item regarding excessive missing data would be best considered after 
the item considering response rate.  The logical sequence for these aspects in 
reporting a study is to first report response rate, before processing the data (including 
treatment of missing data).  Subsequently, the order of these items was changed in the 
finalised version presented here.  Further testing may identify other instances where 
further revision of item sequencing is necessary. 
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Contingencies between criterion 
Recognition of potential contingencies between items serves to illustrate that items 
are not necessarily independent of each other.  While the contingency between Item 1 
and 4 became apparent during administration of the draft tool, it may be that other 
contingencies emerge when the tool is administered using a larger number, and 
broader spectrum of articles.   
 
Inter-rater agreement 
The level of agreement between ratings as demonstrated here was encouraging, but 
should not be considered definitive as it was based on appraising a small number of 
articles by just two well-trained, and motivated raters.  Further investigation of 
agreement between a larger number of raters over a larger sample of articles is 
recommended.  It is important to note that agreement is a function of the specific 
raters involved, rather than a property of the instrument (Vacha-Haase, 1998).  
Therefore, while the level of agreement demonstrated here is indicative of what might 
be expected of other raters with similar familiarity and expertise, researchers should 
undertake and report their own analysis of agreement when conducting appraisals for 
systematic reviews (Liberati et al., 2009). 
 
Analyses of agreement for individual items were characterised by high percentage 
agreement but low or non-calculable kappa (e.g. Items 2, 5, 7, 9, 10, 11).  High 
percentage agreement but low kappa has been referred to as a ‘paradox of kappa’ 
(Cicchetti & Feinstein, 1990), and is a well-known issue in calculating kappa that 
occurs when there are substantial imbalances in marginal totals for either rows or 
columns in the contingency matrix.  Here, the imbalance problem was further 
aggravated by the small sample of articles.  Similarly, the small number of articles is 
also reflected in the broad confidence intervals for kappa.   
 
Notwithstanding the issue of imbalance, the low percentage agreement observed for 
Item 1 suggests there may be benefit from closer examination of the item content with 
a view to identifying reasons why agreement was poor.  Item 1 involves a rater 
determining whether the sampling frame is representative of the target population. 
This task is often compromised by poor reporting of researcher intentions regarding 
generalisation of their sample to a population, and thus poor agreement on this item 
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may simply be an indictment of the state of scholarship within this specific sample of 
articles.  Application of the tool to a larger sample of articles including a wider 
spectrum of sporting disciplines would help identify if this item requires further 
development.  One reason for inter-rater disagreements may be raters developing their 
own normative rules in answering items (Moskalewicz & Oremus, 2020).  To combat 
this, raters do need to maintain awareness of the declared purpose and content of each 
item, the relationship between items, and also ensure close adherence to the 
guidelines for item interpretation. 
 
Limitations 
Several limitations inherent in the work reported in this chapter are acknowledged, 
these are: 
 
a) Scope of work.  Development of the appraisal tool reported here was 
principally intended for application within the context of the thesis, and as 
such, was undertaken on a pragmatic basis and with access to limited 
resources.  To the extent that was reasonable, the processes deployed here 
were consistent with the generally accepted framework for development of 
quality appraisal tools (Whiting et al., 2017).  One notable departure from the 
accepted development process was that, with the exception of the pilot testing, 
development was undertaken by one investigator (RM).  Whiting et al. (2017) 
recommend the formation of a development team, including contributors with 
a range of expertise including methodologists, systematic reviewers of varying 
levels of experience (i.e. end-users), and content experts.  Assembling a group 
of contributors was beyond the scope of the work considered necessary for 
application within the thesis, and is acknowledged as the principal limitation.  
As presented here, the RIBAT-C tool should not be considered as a definitive 
version, and requires further validation across a wider range of cross-sectional 
studies in sporting contexts beyond CrossFit.  Prior to application in other 
contexts, it is recommended that users modify the explanatory notes to ensure 
best fit with the characteristics of the target sport and ensure applicability to 
their own research questions.   
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b) Search strategy.  The search strategy used to identify previously published 
risk-of-bias tools was systematic and thorough, but was not intended to be 
exhaustive.  As such, it is possible that other risk-of-bias tools relevant to 
cross-sectional designs exist but were not identified by the search parameters 
used here.  However, the risk-of-bias tools that were identified include items 
across all of the bias domains relevant to cross-sectional study designs. 
 
c) Overlap between risk-of-bias and reporting quality.  Although the quality of 
reporting is clearly important in elevating the overall interpretability and 
impact of published research, here the Cochrane Collaboration view was 
adopted, such that quality of reporting is best considered separately to risk-of-
bias appraisal.  Therefore, the author purposefully excluded content directly 
related to quality of reporting in the selection and drafting of items because 
extensive guidance for reporting is already available (Equator-Network., n.d.).  
Evaluating risk-of-bias is, however, inextricably linked to reporting quality, 
and there are instances within a few of the RIBAT-C items that are closely 
related to reporting requirements (e.g. Item 7).  Such overlap is inevitable, but 
the RIBAT-C is not intended to directly address quality of reporting.  An 
extension to the STROBE statement intended to guide researchers in reporting 
of sports injury and illness surveillance (STROBE-SIIS) was published in 
February 2020 that should enhance reporting practices in sports and exercise 
epidemiology (Bahr et al., 2020). 
 
d) Further evaluation of measurement properties.  In addition to inter-rater 
reliability, it would be useful to extend investigation of measurement 
properties to include other aspects of validity, reliability, and interpretability 
(Mokkink et al., 2010; Terwee et al., 2007).  Specifically, investigation of 
factor structure and dimensionality (construct validity), inter-relatedness 
between items, and content validity of items should be pursued.  The time 
taken to administer the RIBAT-C was not recorded during the development 
process, but work identifying the time taken to administer the tool would be 
beneficial, because efficient application of appraisal tools is particularly 







Chapter 3 – Summary points  
• Methodological quality was considered as a function of risk-of-bias and 
quality of reporting 
• Guidance for quality of reporting is extensively addressed in the literature 
and a large number of reporting checklists are available (e.g. Equator-
Network) 
• There appear to be no appropriate risk-of-bias appraisal tools appropriate 
for application to cross-sectional study designs investigating sports injury 
epidemiology 
• A 7-step development process was employed to generate an appraisal tool, 
the Risk-of-Bias Appraisal Tool for Cross-sectional studies (RIBAT-C) 
• A comprehensive guidance document to aid interpretation of RIBAT-C 
items in the context of injury associated with CrossFit participation was 
drafted 
• It is recommended that users intending to apply the tool to other sports 
modify the guidance document according to the relevant sporting context 
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Guidance for interpretation of RIBAT-C items intended for appraisal of cross-
sectional survey designs investigating injury prevalence and incidence 
associated with participation in CrossFit® 
 
R.W. Moran, Centre for Health, Activity, and Rehabilitation Research, University of Otago 
 
Indications for use of RIBAT-C 
This document provides guidance for investigators employing the RIBAT-C to appraise 
eligible research studies. To be eligible for appraisal using this tool, the study should satisfy 
three criteria: 1) target population are people participating in CrossFit,  2) study design is 
‘cross-sectional’ in design, as defined by the concurrent collection of both exposure 
information (i.e. information about CrossFit participation), and outcome (i.e. injury 
information), and 3) the study relies on recall of injury history by the participant, and not 
solely on medical or other clinical records of injury. 
 
Guideline content 
Each of the 11 RIBAT-C items is defined, together with a description of the item. Criteria for 
scoring the item ‘Yes’ ‘No’ or ‘Unclear’ are provided.  This version of the RIBAT-C was 
developed specifically for application to cross-sectional studies undertaken in the context of 
CrossFit, as such, the content of the guidance refers to “CrossFit”. Application to other 
sporting populations and contexts, particularly other forms of high-intensity functional 
fitness training and competition, could be achieved by substitution and revision of 
descriptions as necessary.  Users interested in the development of the RIBAT-C are referred to 




Defining overall risk-of-bias for a study 
It is widely accepted that presenting numerical summary scores – sometimes referred to as 
‘quality scores’ (e.g. 7 out of 11 items are satisfied, or 64% ) should not be used to represent 
overall risk-of-bias in a study (Jüni, Witschi, Bloch, & Egger, 1999; P. Whiting, Harbord, & 
Kleijnen, 2005).  Rather, it is recommended that the reporting of article appraisal is presented 
in tables and/or graphically to clearly communicate the items of concern.  For the purpose of 
synthesising an overall ‘level of evidence’ for a group of similar articles within systematic 
review, one widely utilised approach within sports medicine research has been adoption of 
criteria first developed by van Tulder, Furlan, Bombardier, and Bouter (2003).  If applying 
the ‘van Tulder criteria’, each article must be assigned an overall risk-of-bias 
(low/moderate/high), and for this purpose the following scheme may be useful (but should 
not be considered robust): When ≥ 7 items are not satisfied this represents 'high' risk-of-bias, 
when 3-6 items are not satisfied 'moderate' risk-of-bias is evident, and when ≤ 2 items not 
satisfied 'low' risk-of-bias. 
 
Descriptions and ‘how to rate’ each RIBAT-C item 
 
ITEM 1 
Was the sample frame appropriate to address the target population? 
Description 
The ‘target population’ is the group of all people to whom the findings of the research are 
intended to be generalised.  The ‘sample frame’ is a sub-group of the target population, and is 
the group of people the researchers have access to and can therefore extend invitations to 
participate.  The ‘sample’ is a sub-group of the sample frame who meet the eligibility criteria, 
provide informed consent, and are enrolled in the study.  
 
Addressing this item requires a judgment of the extent to which the sample frame appears to 
be representative of the target population.  Typically, authors will infer (if not explicitly state) 
that the target population is “CrossFit participants” (or similar phrase), and should therefore 
have a mechanism to ensure that survey respondents do participate in CrossFit. 
 
Studies should include: 
i) the intended target population is named or can be reasonably inferred from the 
nature of language used in the text (especially of the Conclusions) 
ii) descriptive information about participant characteristics (e.g. age, gender, 
membership of a CrossFit affiliate) including any exclusion criteria for 
participants of a special subgroup with characteristics substantially different to 
the general population of CrossFit participants (e.g. youth, elite competitive 
athletes) 
Criteria 
Yes: both i) and ii) are satisfied. 
 58 
No:  neither of i) or ii) are satisfied. 
Unclear: only one of i) or ii) is satisfied 
 
Note: Unless Item 4 is satisfied (‘Yes’), Item 1 cannot be satisfied. Note that Item 1 can be 




Were study participants sampled in an appropriate way? 
Description 
Random sampling of individuals from a defined population mitigates against sampling bias, 
but requires access to a register (including contact details) of the population of individuals, 
and this is not available in CrossFit.  Affiliated CrossFit gyms are identifiable online (see list 
on https://www.crossfit.com/affiliate-list), and therefore a cluster-based approach to 
sampling of the gyms is possible, then followed by sampling of individuals within each of the 
sampled gyms.  Because of privacy legislation, it is not usually possible to conduct random 
probabilistic sampling within a gym, and therefore, for pragmatic reasons, convenience 
sampling is the most likely approach used by researchers (e.g. verbal announcements at 
classes, posters/flyers distributed to members, inclusion in the gym newsletter, interviewing 
people attending competitions etc.). Convenience sampling is not considered to generate a 
sample that is representative of a population (Munn et al., 2015). Posting invitations 
(including a link) to public online media (e.g. social media, discussion forums etc.) does not 
generate representative samples.  Online recruitment may be acceptable within a cluster-
sampling approach if the post/links are only accessible to verified members of a CrossFit 
affiliated gym that was randomly selected. 
 
Criteria 
Yes: There is evidence of probabilistic random sampling of individuals. Given the constraints 
in achieving probabilistic random sampling of individuals, a cluster-based approach to 
random sampling of affiliated gyms, followed by convenience sampling within the gym is 
considered to be satisfactory.  Note also that if the sample frame is the whole of the target 
population, then random sampling is not necessary. 
No: Non-probabilistic sampling was evident. 







Was the sample size adequate? 
Description 
Adequacy of sample size is important to ensure an acceptable level of precision in estimates of 
the statistic of interest (i.e. prevalence, incidence). In survey designs, the sample size needs to 
be large enough to a) achieve a sufficiently precise confidence interval for the estimate of 
prevalence (i.e. statistical power), and b) ensure the sample is representative of the target 
population.  If the population is highly heterogenous, as might be present in the population of 
adult CrossFit participants (e.g. wide range of athlete ages, level of fitness, skill level etc.), one 
approach is to undertake stratified random sampling with various strata such as; age, gender, 
level of fitness etc. Stratified random sampling would require knowledge of the population 
characteristics, however, in CrossFit this information is not available and not reasonably 
estimated. If stratified random sampling is not achievable, the need for larger samples is 
further underscored. 
 
Sample size calculations should be reported (although this is a matter of reporting quality, not 
of risk-of-bias), however, if not reported, the adequacy of sample size can be determined by 
estimating the minimum sample size from the formula below (Daniel, 1999; Naing, Winn, & 
Rush, 2006).  
 
 n = (z2 P(1-P)) / d2 
 
Where:  
n = sample size 
 z = z statistic for required level of confidence 
P = expected prevalence (expressed as proportion e.g. 30% = 0.3) 
 d = precision (expressed as proportion e.g. 5% = 0.05) 
 
At the time of preparing these notes, it was not clear from the literature what value would be 
appropriate for the expected prevalence. Naing et al (Naing et al., 2006) suggests that in cases 
of doubt about P, then using 0.5 should be the default. 
 
Criteria 
Yes:  Based on either a) the presence of a sample size calculation and the sample meeting the 
required calculation, or b) no reported sample size calculation, but sample size is n ≥385 
(calculated using the following parameters: z=1.96, P=0.5, and d=0.05.  
No: The reported size of the sample does not closely approximate the n calculated from either 
the sample size calculation undertaken by investigators (regardless of whether the calculation 
is reported), or as necessary, the calculation undertaken by reviewers using the parameters 
above. 
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Unclear: When there is insufficient information reported to be able to confirm the adequacy 




Were the study participants and the setting described in detail? 
Description 
(NOTE:  this item is a necessary but not sufficient condition for satisfying Item 1) 
The prevalence of injury in sports can vary in different populations. For example, it is well 
established that age is an important risk factor (Taimela, Kujala, & Osterman, 1990).  
Therefore, the sample should be described in sufficient detail to enable readers to evaluate the 
extent to which the sample may be comparable to their own context.  Further, a number of 
participant descriptive characteristics are also known risk factors in the aetiology of sports 
injury (e.g. older and younger age, less experience in sport, lower frequency of participation, 
higher body weight), and so it is important to describe characteristics to enable a reader to 
evaluate whether these characteristics appear to be represented in the sample in a proportion 
approximating the population.  To illustrate with an example: a sample that included a 
disproportionately large number of elite CrossFit athletes would not be representative of the 
general population of participants. Elite athletes tend to be younger, have greater lean body 
mass, greater joint mobility, and better recovery practices than non-elite athletes. In addition, 
elite athletes train more consistently, at higher volumes and intensity, and have lower 
variance of training load when compared to non-elites. Because these are all risk factors that 
modulate injury aetiology, the presence of elite athletes within a sample may confound 
estimates of injury prevalence intended for general non-elite participants. 
 
In studies investigating injury prevalence of CrossFit participants, the following participant 




iii) description of level of expertise, specifically identifying elite/professional 
iv) height, body weight 
v) extent of experience training in CrossFit (i.e. participation, frequency etc.) 
 
Here, ‘setting’ refers to the physical location in which a participant undertakes CrossFit 
workouts.  Although an individual can undertake CrossFit outside of an affiliated gym by 
applying the CrossFit method (CrossFit Inc., n.d.; G. Glassman, 2002, 2007), it is difficult to 
determine whether the workout design, programming, and execution is consistent with the 
principles of the CrossFit method unless a survey respondent positively identifies that they 
are a member of an affiliated CrossFit gym. The extent of participation in sport and exercise 
recognised not to typically fall within the scope of CrossFit but concurrent to CrossFit 
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participation should be considered.  In order to avoid false attribution of injury to CrossFit 
when the injury was associated with another sport or exercise approach, participants in 
surveys of injury prevalence should identify CrossFit as their major sport or exercise program, 
and should confirm that the injury was associated with CrossFit. 
 
The following information about setting should be reported: 
vi) survey respondent confirms membership of an affiliated CrossFit gym (or the 
design of sampling makes this a reasonable assumption) 
vii) specific wording of the questionnaire item, or other feature of study design (e.g. 
interview, medical record, gym injury register, coaching records) affords 
confidence that an injury is attributable to CrossFit participation rather than 
another cause.  
 
Criteria 
Yes: All of i) to vii) are satisfied. 
No: None of i) to vii) are satisfied. 




Was data analysis conducted with sufficient coverage of the identified sample frame? 
Description 
It is possible that the sample frame is judged to be sufficiently representative of the target 
population (satisfying Item 1), but the methods and procedures of sampling, and/or the 
response to invitations to participate in the study results in a sample of participants who are 
meaningfully different in some important characteristic/s from the sample frame, and thus, 
from the target population.  This is termed ‘coverage bias’ (Munn et al., 2015). For example, 
invitations to complete a questionnaire via a post to a social media platform would exclude 
anyone who does not access that social media platform.  Similarly, verbal invitations made at 
certain scheduled group class times that tend to be attended by members of a specific 
subgroup (e.g. mid-morning classes are not often attended by adults with office hour jobs) but 
not other class times (e.g. early mornings, evenings, weekends – when adults with office jobs 
attend class) may result in a sample that are not representative of the target sample (and thus 
the target population).  To recognise the potential for coverage bias, consider if the sample 
methods and procedures were likely to generate an equal probability of exposure to 
invitations across all members of the target sample.  To evaluate the risk of this bias, authors 





Yes: All members of the sampling frame were equally as likely to receive invitations to 
participate in the survey; and, sample characteristics were comparable to those of the sample 
frame. 
No: The sampling procedures were likely to result in non-equal chances of receiving 
invitations to participate in the survey; or, the sample characteristics were reported to be 
meaningfully different to those of the sample frame. 




Were objective, standard criteria used to define “injury”? 
Description 
The issue of defining ‘injury’ in sports injury epidemiology, and the negative impact of poor or 
absent injury definitions in sports injury research has been extensively reviewed (C. W. Fuller, 
2010).  International consensus on injury definitions has largely advanced following the 
publication of the following injury definition for football (soccer) in 2006 (C. W. Fuller et al., 
2006): 
 
“Any physical complaint (caused by a transfer of energy that exceeds the body’s ability to maintain 
its structural and/or functional integrity) sustained by an athlete during competition or training 
directly related to the sport or exercise activity investigated, irrespective of the need for medical 
attention or time-loss from athletic activity.” 
 
This definition met with widespread acceptance and has since been adopted by researchers 
across a large number of other sports including rugby union, rugby league, rugby sevens, 
Australian football, martial arts, circus arts, field hockey, snow sport, dance, Gaelic football, 
rugby sevens, climbing, motocross, running, cycling, netball, sailing, triathlon, aquatic sports, 
and CrossFit (S. Moran et al., 2017).  Given the extent of utilisation of this definition of injury, 
it is preferable that studies reporting injury epidemiology in CrossFit participants also adopt 
this as the operational definition; however, it is acceptable for other operational definitions of 
injury to be adopted by authors, providing that: 
 
i) definition/s of injury is provided 
ii) injuries that are not directly related to CrossFit participation are not counted (for 
the avoidance of doubt this should be addressed directly in the questionnaire) 
iii) definition clearly addresses physical complaint/s (i.e. a non-physical injury would 
not satisfy the definition) 
iv) the minimum severity of injury considered for inclusion in data analysis as a case 
should be stated (i.e. in terms of time-loss e.g. >1 days’ time-loss from CrossFit 
training/competition, or medical attention). This could be all injuries 




Yes: All of i) to v) are satisfied. 
No: None of i) to v) are satisfied. 




Was the questionnaire valid and reliable? 
Description 
Questionnaires and instruments employed in survey research should be sufficiently robust to 
ensure the information collected is of good quality. Regardless of whether an existing or newly 
developed instrument is used to measure a concept (e.g. injury severity), evidence of 
acceptable measurement properties in the domains of reliability, validity, and responsiveness 
should be provided (Mokkink et al., 2010; C.B. Terwee et al., 2007).  In addition, for new 
instruments a full description of the development process and pre-study testing should be 
provided (or referenced). When qualitative questions are included, description of how the 
response text will be analysed should be detailed.  Appraising the methodological quality of 
health-related outcome measures is an independent field of study in itself (e.g. see COSMIN 
website www.cosmin.nl), and comprehensive quality appraisal tools have been established 
specifically for this purpose (e.g. (Mokkink et al., 2018; C.B. Terwee et al., 2007; Caroline B. 
Terwee et al., 2012).  However, for retrospective studies of injury prevalence/incidence in the 
context of CrossFit, information about previous injury history is of primary interest and with 
exception of injury severity (pain, disability, time-loss) there are few requirements for 
quantitative measurement instruments.  Within the sports injury research literature, it has 
only been since 2013 that standardised instruments for injury recording (retrospective recall 
or prospective surveillance) have been developed (e.g. Oslo Sports Trauma Research Centre 
overuse injury questionnaire (Clarsen, 2017; Clarsen, Myklebust, & Bahr, 2013; Clarsen, 
Rønsen, Myklebust, Flørenes, & Bahr, 2014) and few studies have investigated validity or 
resulting data quality (Ekegren, Gabbe, & Finch, 2016). Given the currently limited 
development of sports injury reporting instruments, the formal application of the 
comprehensive COSMIN checklist scoring system (Mokkink et al., 2018; Terwee et al., 2012) 
is not appropriate. As a consequence, this Item is focused largely on reporting rather than 
risk-of-bias.  
 
Studies should collect and report the following minimum information: 
i) Recall period is stated i.e. period of time over which participants are asked to 
recall injuries. 
ii) The body regions surveyed should be stated (i.e. whole body, or focus on specific 
regions e.g. shoulder, knee etc.; if later, then rationale for regions should be 
specified) 
iii) Injury causation (traumatic, or gradual-onset) is reported 
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iv) Injury severity is addressed (either in terms of pain, disability, time-loss from 
work/study/exercise, or combinations of these); and at least some evidence of 
validity and reliability of these measures is provided. 
 
Criteria 
Yes: All of i) to iv) are satisfied. 
No: None of i) to iv) are satisfied. 




Was pilot testing of the questionnaire and data collection process undertaken? 
Description 
Pilot testing helps to decrease risk-of-bias by minimising problems related to clarity of item 
wording, formatting of the questionnaire, and administration burden (e.g. excessively lengthy 
or cognitively demanding).  In addition, the process of distributing and administering the 
questionnaire (often using online software platforms) should be tested to validate online links 
and confirm software settings are appropriate. 
 
Criteria 
Yes: Pilot testing of questionnaire and/or data collection processes occurred prior to data 
collection. 
No: There is no indication of any pilot testing prior to data collection 





Was the response rate adequate, and if not, was the low response rate managed 
appropriately? 
Description 
The importance of adequate response rate lies in the need to mitigate against non-response 
bias (also termed ‘participation bias’). Non-response bias occurs when those participants 
differ from those not participating in traits and characteristics that are meaningfully related to 
the outcome of interest (Fowler, 2009). There appears to be no definitive definition of 
‘response rate’ and several methods of calculating response rate have been defined and 
reported, including different denominators that can greatly impact on the magnitude of 
response rate (e.g. Number of eligible participants; c.f. number of participants with whom 
contact was made). Morton, Bandara, Robinson, and Carr (2012) argue that there is probably 
“not a single, simple definition of ‘response rate’ that can be applied to all studies”, and 
importantly, there is no single ‘magic number’ for response rate above which is sufficient to 
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mitigate against risk of non-response bias.  Evidence from methodological research has 
demonstrated that low response rates do not automatically result in low study validity 
(Mealing et al., 2010), but rather, may indicate a stronger risk-of-bias, and therefore all 
survey studies should be interpreted judiciously rather than relying on simplistic heuristics 
(e.g. “>50% is adequate”). Higher response rates do not ensure low risk-of-bias, and 
conversely, low response rate do not automatically indicate high risk-of-bias. Therefore, 
studies should include detailed information about sampling strategies and include the 
following information so that readers can make informed decisions regarding risk of non-
response bias in context of the research question and study objectives: 
 
i) the eligible population should be described  
ii) a description of the methods used to contact the eligible population is provided 
iii) descriptive characteristics of participants is reported. Any descriptive 
characteristics of non-participants (i.e. those in sample frame who declined 
participation) should also be provided if possible. 
iv) the number of completed questionnaires7 and the number of people who were 
contacted are reported (enables calculation of “co-operation rate” (Morton et al., 
2012)) 
v) the number of people who declined to participate, or who withdrew, or otherwise 
did not complete the questionnaire, after some contact was made (enables 
calculation of “refusal rate” (Morton et al., 2012)) 
vi) Response rates are reported, and the numerator and denominator used is stated 
vii) Techniques used to promote response are reported (e.g. reminders, follow-up, 
incentives) 
Note: i) is considered in Item 1 and is therefore not included in the criteria below 
 
Criteria   
Yes: All of ii) to vii) are satisfied. 
No: None of ii) to vii) are satisfied. 




Were there excessive missing data within the completed questionnaires? 
Description 
While consideration of response rate is important from the perspective of ensuring those 
people participating are not meaningfully different in any important characteristics from 
those who do not participate, missing data can introduce a further source of bias even when 
 
7 Other forms of data collection could be used in place of, or supplementary to, questionnaires, e.g. 
telephone interview. 
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response rate is considered to be adequate.  Bias arises when the missing values are 
systematically different in important characteristics/traits from observed values.  There are 
three types of missing data (Missing Completely at Random, Missing at Random, Missing Not 
at Random) (Kang, 2013), and several approaches have been described to manage missing 
data through statistical methods such as multiple imputation (Sterne et al., 2009). 
 
The following should be reported: 
i) the extent of missing data is reported and, where known, reasons provided 
ii) detail of any statistical approaches employed to account for missing data  
iii) the potential impact of missing data on the conclusions is discussed 
 
Criteria 
IMPORTANT NOTE: the valence of Item 10 differs from all other items. Here, a ‘yes’ rating 
reflects higher risk-of-bias 
No: All of i) to iii) are satisfied. 
Yes: None of i) to iii) are satisfied. 




Were appropriate statistical analyses used? 
Description 
The numerator and denominator should be clearly reported for all estimates of prevalence 
and also accompanied by confidence intervals.  Authors attempting to make estimates of 
injury incidence from cross-sectional survey designs must clearly identify the derivation of the 
denominator (i.e. exposure, measured in hours of training time).  Cross-sectional survey 
designs are, by definition, at risk-of-bias in estimating injury incidence as only longitudinal 
studies in which ‘participants are followed over time’ (Bahr & Holme, 2003) can determine 
exposure time with reasonable accuracy.  Therefore, cross-sectional surveys reporting 
incidence should be considered as tentative, exploratory, and inherently biased estimates.  
The assumptions made in determining a denominator and calculating injury incidence need 
to be clearly detailed.  More acceptable methods of estimating exposure time include review of 
individual attendance records at affiliated gym over relevant period, review of personal 
training logs.  Methods of estimating exposure time considered to be susceptible to 
unacceptable risk-of-bias are estimates based on “typical attendance” either by anecdote 
(based on personal experience), or simplistic question item.  
 
The statistical methods used should be described in sufficient detail to permit a reviewer to 
determine how specific variables were derived.  Different statistical tests have different 
underlying assumptions, and these should be satisfied in the text, or non-compliance justified. 
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The following should be reported: 
i) The numerator and denominator for estimates of prevalence are clearly 
identified, and confidence intervals presented (either 90% or 95% are 
acceptable). 
ii) If reported, numerator and denominator for estimates of incidence are clearly 
identified, and confidence intervals presented (either 90% or 95% are both 
acceptable). 
iii) Method of estimating denominator for estimating incidence are based on “more 
acceptable” methods (above description) 
iv) Assumptions underlying statistical tests are reported as being satisfied, or non-
compliance justified 
Note: exclude consideration of ii) and iii) if incidence is not reported 
 
Criteria 
Yes: All of i) to iv) are satisfied  
No: None of i) to iv) are satisfied  






A systematic review of studies reporting injury epidemiology associated 







The scoping review reported in Chapter 2 identified that a majority of studies reporting injury 
epidemiology associated with CrossFit were undertaken using cross-sectional, descriptive 
survey designs.  In response to a need to appraise these studies, a risk-of-bias appraisal tool 
was required, and Chapter 3 reported development of the RIBAT-C, a tool designed for 
application to cross-sectional studies investigating injury amongst people participating in 
CrossFit.  Here, Chapter 4 builds on the scoping review by systematically reviewing a 
defined group of studies reporting injury epidemiology associated with participation in 
CrossFit.   
 
The study reported in this chapter aimed to systematically review peer-reviewed studies 
reporting injury epidemiology associated with CrossFit participation.  A best-evidence 
synthesis was undertaken for the purpose of addressing each the following review questions: 
 
Q1.  What is the reported injury prevalence? 
Q2.  What is the reported injury incidence? 
Q3.  Does previous injury before CrossFit participation increase risk after commencing CrossFit? 
Q4.  Do beginner programs reduce injury? 
Q5.  Does the duration of CrossFit experience influence injury risk? 
Q6.  Is competition associated with higher injury risk? 
Q7.  What is the effect of training frequency? 
Q8.  Is there a difference in injury risk between males and females? 
Q9.  What body regions are reported as sites of injury? 
 
These questions were developed after a preliminary review of articles identified following 






A systematic review protocol was prepared and submitted for registration with PROSPERO.  
The PRISMA statement informed the study design and reporting (Liberati et al., 2009).  The 
systematic review was constrained to peer-reviewed, indexed, articles reporting original 
investigations of injury epidemiology associated with CrossFit participation.  
 
Search strategy 
The bibliographic search was based primarily on the unique keyword “CrossFit”, a 
proprietary registered trademark of CrossFit Inc.  Preliminary searches of major databases 
indicated that search syntax using “CrossFit” appeared to be both sensitive and specific for 
relevant articles.  The use of a registered trademark as a keyword in bibliographic search 
syntax may fail to identify articles employing generic descriptors, such as “high-intensity, 
functional-training”, a term which has recently been proposed to identify strength and 
conditioning exercise with characteristics that differ from traditional exercise programs (Feito 




Table 7.  Search syntax for PubMed/MEDLINE 
Search Search Query Syntax 
#1 CrossFit CrossFit[All Fields] 
#2 
high intensity 
functional training  
high[All Fields] AND intensity[All Fields] AND functional[All Fields] AND 
("education"[Subheading] OR "education"[All Fields] OR "training"[All Fields] OR 
"education"[MeSH Terms] OR "training"[All Fields]) 
#3 HIFT  HIFT[All Fields] 
#4 ((#1) OR #2) OR #3 ((#1) OR #2) OR #3 
#5 sports  sports[MeSH Terms] OR "sports"[All Fields] 
#6 
(sports) AND (((#1) 
OR #2) OR #3)  
((CrossFit[All Fields] OR (high[All Fields] AND intensity[All Fields] AND 
functional[All Fields] AND ("education"[Subheading] OR "education"[All Fields] OR 
"training"[All Fields] OR "education"[MeSH Terms] OR "training"[All Fields]))) OR 
HIFT[All Fields]) AND ("sports"[MeSH Terms] OR "sports"[All Fields]) 
#7 injury  
wounds and injuries[MeSH Terms] OR ("wounds"[All Fields] AND "injuries"[All 
Fields]) OR "wounds and injuries"[All Fields] OR "injury"[All Fields] 
#8 
(((sports) AND 
(((#1) OR #2) OR 
#3))) AND injury  
(("sports"[MeSH Terms] OR "sports"[All Fields]) AND (((#1) OR #2) OR #3)) AND 
("wounds and injuries"[MeSH Terms] OR ("wounds"[All Fields] AND "injuries"[All 
Fields]) OR "wounds and injuries"[All Fields] OR "injury"[All Fields]) 
Notes: HIFT = high-intensity functional training, MeSH = Medical Subject Heading 
 
The electronic databases searched without limits from the date of inception (Baxendale & 
Hook, 2020) were: PubMed, Scopus (incorporating ScienceDirect), Embase, and 
EBSCOHost (incorporating Academic Search Complete, AMED, CINAHL, Health Business 
Elite, Health Source: Nursing/Academic Edition, MEDLINE, Psychology and Behavioral 
Science Collection, SocINDEX, and SPORTDiscus).  Searches were repeated on several 
occasions during the study period, with a final search date of 30 June 2019.  One reviewer 
(RM) conducted all electronic database searches and compiled a database of bibliographic 
records using reference management software (EndNote, v7.8, Thomson Reuters).  After 
removing duplicate records, and identifying non peer-reviewed publications, two reviewers 
(RM, JM) screened the Title, Abstract, and keywords of each record in order to identify ‘non-
injury’ studies, or, ‘injury’ studies.  The decision threshold for inclusion of articles in the 
‘injury’ group was set purposefully low in order to avoid missing potentially relevant articles.  
The step of identifying ‘injury’ and ‘non-injury’ studies was undertaken to facilitate a 
separate scoping review of the injury and CrossFit literature as reported in Chapter 2.   
 
Selection criteria 
To be eligible for inclusion in the review, articles were required to meet the following 
inclusion and exclusion criteria.  Inclusion: (1) article reported in English, (2) study design 
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was either retrospective (cross-sectional survey reporting previous injury), or, prospective 
observational cohort (i.e. following participants over time), (3) the research question 
addressed injury epidemiology associated with participation in CrossFit.  Exclusion: (1) study 
sample included subgroups engaged in exercise modalities other than CrossFit, and the 
results were not reported by subgroup, (2) published abstracts were excluded on the basis of 
insufficient information to enable appraisal of methodological quality, (3) review papers of 
any type, (4) non peer-reviewed publications including theses and other forms of grey-
literature were ineligible.8  Two reviewers (RM, JM) independently assessed the full-text of 
all articles investigating injury epidemiology to determine eligibility using these criteria.  A 
meeting was held between reviewers to resolve differences between reviewers regarding 
eligibility and to arrive at a consensus list of eligible articles. 
 
Data extraction 
One reviewer (RM) extracted information from each eligible study using a custom-designed 
template.  A second reviewer (JM) verified the accuracy of extracted information against the 
full-text.  The following information was extracted for each eligible study: Author, year of 
publication, journal title, aim/research question, study design, recall period, sample size, 
participant age, gender, injury types (time loss, medical attention, any injury), injury 
definition/s employed, results and key findings.   
 
Risk-of-bias appraisal 
Studies were appraised using one of two risk-of-bias appraisal tools, as appropriate to the 
study design.  Two reviewers (RM, JM) independently appraised each article before meeting 
to discuss ratings of each item for each article.  If disagreement on an item could not be 
resolved following discussion and review of the operational definitions, a third reviewer 
(SJS) was available to make a final decision.   
 
Risk-of-bias appraisal: cross-sectional, survey-based studies 
For each study employing a cross-sectional survey-based design, an appraisal of risk-of-bias 
was undertaken based on the principles outlined by Moola et al. (2017), using the RIBAT-C 
tool developed specifically for application in this study.  The rationale and methods for 
compilation of the RIBAT-C are detailed in Chapter 3.  Before commencing risk-of-bias 
 
8 Note that grey-literature was evaluated within the scoping review reported in Chapter 2 
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appraisal, the principal investigator (RM), drafted operational definitions and criteria for 
interpretation and rating of each item within the context of CrossFit participation (see Annex 
to Chapter 3).  Throughout the appraisal process, both reviewers made frequent reference to 
this document in order to promote consistent application of appraisal criteria.   
 
Risk-of-bias appraisal: prospective observational cohort studies 
Articles reporting prospective observational cohort designs were appraised using the ‘Quality 
of Cohort Studies’ (Q-Coh) tool (Jarde et al., 2013) developed specifically for identifying 
risk-of-bias in observational cohort studies (Jarde, 2013; Jarde, Losilla, & Vives, 2015).  
Descriptors for overall quality of studies appraised using Q-Coh were adopted from those 
proposed by Jarde et al. (2013).  This approach is consistent with other systematic reviews of 
prospective cohorts in sports injury (Moran, Schneiders, Mason, & Sullivan, 2017). 
 
Alignment between Q-Coh and RIBAT-C descriptors 
For the Q-Coh, Jarde et al. (2013) uses the term ‘methodological quality’ for the construct 
measured, and uses three levels of descriptor (‘low’, ‘acceptable’, or ‘good’) according to the 
number of domains not satisfied.  In contrast, for the RIBAT-C, the construct measured was 
termed ‘risk-of-bias’ and described using the terms ‘low’, ‘moderate’, or ‘high’ risk-of-bias.  
Both the Q-Coh and RIBAT-C use three levels of descriptor, and given the apparent 
similarity and overlap between them, descriptors were aligned as shown in Table 8.  Overall, 
risk-of-bias was operationally defined as low, moderate, or high, according to the number of 
items or domains not satisfied (Table 8). 
 
Table 8.  Alignment of quality descriptors between RIBAT-C and Q-Coh tools 
RIBAT-C*   Q-Coh (Jarde et al., 2013)  Operationally 
defined 
descriptor 
Number of items  
not satisfied 
Descriptor   Number of domains  
not satisfied 
Descriptor  Risk-of-bias 
≥ 7 items not satisfied High  >2 domains not satisfied Low  High 
3 to 6 items not 
satisfied 
Moderate  2 domains not satisfied Acceptable  Moderate 
≤ 2 items not satisfied Low  ≤ 1 domain not satisfied Good  Low 
Notes: * See Chapter 3 for details of the RIBAT-C. 
 74 
In addition to identifying risk-of-bias for each eligible study, a descriptive best-evidence 
synthesis was undertaken to determine an overall level of evidence-based on criteria adapted 
from van Tulder et al. (2003) (Table 9).  There were two adaptations made to the van Tulder 
et al criteria for this study.  Firstly, in order to align with the emphasis on risk-of-bias in the 
RIBAT-C, the term ‘risk-of-bias’ was substituted in place of ‘low-quality’ or ‘high-quality’.  
Secondly, in the van Tulder et al criteria, studies are dichotomised into ‘low-quality’ or 
‘high-quality’, and those of moderate quality are not considered in determining the overall 
level of evidence.  An additional clause was therefore added to account for these studies 
(Table 9). 
 




Strong Consistent findings (≥75% of studies showing consistent results)* from ≥3 studies of low 
risk-of-bias†  
Moderate Consistent findings from: ≥1 study of low risk-of-bias and ≥1 study of high risk-of-
bias†, or ≥3 studies of moderate risk-of-bias 
Limited Consistent findings in ≥1 study of high risk-of-bias, or only 1 study available 
Conflicting Inconsistent findings (<75% of studies showing consistent results) † in multiple studies 
irrespective of risk-of-bias 
No evidence No studies found 
Note: * adaptions were a) the term ‘risk-of-bias’ was substituted for ‘quality’; b) inclusion of “or ≥3 
studies of moderate risk-of-bias” within the criteria for moderate level of evidence 
† In the case of only 2 or 3 studies, ‘consistency’ required agreement between all studies 
‡ Studies rated as ‘good’ or ‘acceptable’ quality using the Q-Coh risk-of-bias tool were combined into one 





After removing duplicate records, 259 records were screened and divided into studies of 
‘non-injury’ or ‘injury’ (n=61) based on consideration of the article subject matter.  The 
results of identification, screening, and eligibility processing are displayed in Figure 9.  In 
total, there were 13 studies that met the eligibility criteria and were included.  The descriptive 







Figure 9.  PRISMA flow diagram of study selection.  Note that Scopus included ScienceDirect, and Embase.  
EBSCOHost included Academic Search Complete, AMED, CINAHL, Health Business Elite, Health Source: 
Nursing/Academic Edition, MEDLINE, Psychology and Behavioral Science Collection, SocINDEX, and 
SPORTDiscus.  Note that all injury records, regardless of design, were also subject to a scoping review reported 
in Chapter 2.  
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Risk-of-bias assessment 
Thirteen studies were subject to risk-of-bias appraisal, including 12 cross-sectional studies 
using the RIBAT-C, and one prospective cohort study using the Q-Coh tool.  For the 12 
studies appraised using the RIBAT-C, reviewers initially agreed on 65% of ratings (86 out of 
132 items) representing a ‘moderate’ level of agreement (kappa = 0.45, 95%CI 0.32 to 0.57).  
For the single prospective study assessed using Q-Coh, reviewers agreed on 32 out of 33 
ratings (97% agreement, kappa incalculable).  Consensus for each RIBAT-C or Q-Coh item 
was reached between reviewers by discussion of the item after further review of the article 
and consulting the operational definitions.  Table 11 displays the results of risk-of-bias 
appraisal for each of the cross-sectional studies.  Figure 10 displays the proportion of cross-
sectional studies that satisfied each RIBAT-C appraisal item.  The one prospective study (S. 




Table 10.  Characteristics of eligible studies  
Author  
(Year) 




  Injury   
     n Age (y)  Types Definitions (as presented in original article) 













To prospectively examine 
the injury risk associated 
with CF training, and 
investigate the influence of 
potential risk factors 









66 M, 51 F 
 




“Any physical complaint that was sustained during CF training that 
resulted in a participant being unable to take a full part in future CF 
training.” 












To define the risk of injury 
during CF workout 
participation and also 












93 M, 39 F 
 
 








“Any injury sustained during training which prevented the participant 







Establish injury rate among 
CF participants and to 
identify trends and 
associations between 
injury rates and 
demographic categories, 







6  386  
231 M, 150 F 
 
 






“Any new musculoskeletal pain, feeling, or injury that results from a CF 
workout and leads to 1 or more of the following options: 
1) Total removal from CF training and other outside routine physical 
activities for > 1 week. 
2) Modification of normal training activities in duration, intensity, or 
mode for > 2 weeks. 
















To examine the 
characteristics of 
participants engaged in CF 
training, including prior 
injury history, CF 
experience, and joint 
injuries sustained during 
CF practice.  To examine 
the association between 
these characteristics and 
the prevalence of new joint 
injuries reported since the 










40 M, 14 F 
 
17 to 24y 
(n=28, 52%)  
 
25 to 34y (n=14, 
26%) 
 
35 to 50y  (n=12, 
22%) 
  








“Injury defined as the onset of harm to a joint, with new injury defined 
as the onset of harm to a joint sustained during CF workouts.” 





To evaluate the profile, 
sports history, training 
routine, and presence of 






NR 566  
323 M, 243 F  








“New musculoskeletal pain, feeling, or traumatic event that results from 
a CF workout that leads to 1 or more of the following options: total 
removal from CF training and other outside routine physical activities for 
more than 1 week; modification of normal training activities in duration, 
intensity, or mode for more than 2 weeks; or any physical complaint 
severe enough to make the individual seek a health care professional to 
diagnose or treat the injury” 
 
Summit et al. 
(2016) 
Sports Health Hypothesis: Exercises 
performed during CF do 
not place the shoulder at 
greater risk for injury.  
Injury rates are comparable 




6  187  
Gender NR  
18-25 n=46 (24%) 
26-30 n=118 
(64%) 





“ ‘injury’ encompassed any new musculoskeletal pain or feeling that 
resulted from a CF workout and led to 1 or more of the following: total 
removal from CF training and other outside routine physical activities for 
more than 1 week; modification of normal training activities in duration, 
intensity, or mode for more than 2 weeks; and any physical complaint 
severe enough to warrant a visit to a health professional.” 
 
 







“To examine the injury 
rates and injury patterns 







12  159  
88 M, 71 F 
M, 31.3 ± 8.4 
F, 31.3 ± 9.1 
 Time Loss 
Medical Attention 
 
“Injuries were defined as an injury that met one of the following criteria 
within the last 12 months of CrossFit® participation: 
a) required the individual to seek a healthcare professional to 
diagnose/treat the injury; 
b) modification of normal training activities for more than two weeks; 
c) total removal from CF and other physical activity for more than one 
week; or 
d) any injury that required loss of time from employment.  The survey 
also asked about injury location as well as the diagnosis (if applicable), 
severity, time lost from training, and history of a related injury.” 














To investigate the 
incidence of injuries for 
persons participating in 
CF.  Risk factors for injury 
and injury mechanisms 
were also explored through 















266 M, 183 F 
 
 










“A musculoskeletal injury was defined as applied in other research: any 
new musculoskeletal pain, feeling, or discomfort as a result of a CF 
workout that met 1 of the following criteria: 
Total removal from CF training and other outside routine physical 
activities for >1 week. 
Modification of normal training activities in duration, intensity, or 
mode for >2 weeks. 
Any physical complaint severe enough to warrant a visit to a health 
professional.” 
 







epidemiology and risk 
factors for injury in CF 
athletes.” 
 
"...purpose of this 
investigation was to 
examine the location, 
severity, and number of 
injuries, and potential risk 
factors for injury in the 
preceding six months." 
“survey” 6  191  
94 M, 97 F  
31.7 ± 9.4   “Questions 
targeting type of 




onset).  Questions 
targeting severity of 
injury focused on 
the changes athletes 
had to make to 
training because of 












To examine the incidence 
of injuries related to CF 
participation and to 
estimate the rate of injuries 
in a large cross-sectional 
convenience sample of CF 























“any muscle, tendon, bone, joint, or ligament injury sustained while 
doing CF that resulted in your consultation with a physician, or health 
care provider, and caused you to stop or reduce your usual physical 
















To examine injury 
epidemiology and risk 





























To compare the likelihood 
of self-reported injury and 
severity in CF and 
traditional weightlifting 
(TW) in the previous 2 
years.  Hypothesis: CF 
participants would have a 
higher 2-year likelihood of 
injury and medical care 
compared to TW. 
 
 
“survey” 24  411 
122 CF  
53 M, 69 F 
 
289 TW  
202 M, 87 F 
CF mean 37.5 
 
 
TW mean 31.6 
 Medical attention “Participants were instructed to self-determine whether an event should 
be considered an injury; no defined qualifiers were provided to 
participants” 








epidemiology and risk 






6  270 
152 M, 118 F 
Range  
15 to 53 
 
 Time Loss 
Medical Attention 
“Any condition or symptom that occurred as a result of CF practice and 
had at least one of the following effects: the practitioner had to stop the 
activity (training, competition) for at least one day; practitioner didn’t 
have to stop the activity, but had to modify it (to fewer hours of practice 
or training, lower intensity of effort, or was less able to perform certain 
gestures or movements/techniques); the practitioner sought advice or 















































































































































































































Hak et al. (2013)             High 
Weisenthal et al. (2014)              High 
Chachula et al. (2016)             High 
Sprey et al. (2016)             High 
Summitt et al. (2016)              High 
Escalante et al. (2017)            High 
Mehrab et al. (2017)             Moderate 
Montalvo et al. (2017)            High 
Feito et al. (2018)              High 
Tafuri et al. (2019)             High 
Elkin et al. (2019)            High 
Minghelli et al. (2019)             High 
Notes: See Annex to Chapter 3 for full description of each item. 








Figure 10.  Proportion of studies satisfying each RIBAT-C item.   
 
 
Best-evidence synthesis for injury epidemiology associated with CrossFit participation 
Table 12 displays the results of the best-evidence synthesis for guiding questions Q1 to Q8.   
 
Q1.  What is the reported injury prevalence? 
Eight studies reported a finding for injury prevalence, calculated as the proportion of 
participants who reported an injury over the recall period (Chachula et al., 2016; Escalante et 
al., 2017; Feito, Burrows, et al., 2018; Hak et al., 2013; Mehrab et al., 2017; Montalvo et al., 
2017; Tafuri et al., 2019; Weisenthal et al., 2014).  Seven of the studies were at ‘high’ risk-
of-bias, and one at ‘moderate’ risk-of-bias (Mehrab et al., 2017) .  Overall, the level of 
evidence for injury prevalence was ‘limited’. 
 
Q2.  What is the reported injury incidence? 
Six studies reported an injury incidence statistic using the standard convention of number of 
injuries per 1000 h of exposure (Escalante et al., 2017; Feito, Burrows, et al., 2018; Hak et 
al., 2013; Minghelli & Vicente, 2019; Montalvo et al., 2017; Summitt et al., 2016).  
Notwithstanding the considerable variation in injury definitions between these studies, 
coupled with estimating exposure periods using approximated and assumed values, the 
reported incidence ranged between 0.27 and 3.3 injuries per 1000 h.  All six studies reporting 
values for injury incidence were at ‘high’ risk-of-bias, leading to an overall level of evidence 
for injury incidence of ‘limited’. 
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Q3.  Does previous injury before CrossFit participation increase risk after commencing 
CrossFit? 
Two studies, one a cross-sectional design (Chachula et al., 2016), and one a prospective 
design (S. Moran et al., 2017) presented data indicating that previous injury (before CrossFit 
participation) increased risk of injury after commencing CrossFit.  The magnitude of this 
effect is reported in Table 12.  Both studies were appraised as being at high risk-of-bias, 
addressed this question, thus leading to a conclusion of ‘limited’ level of evidence. 
 
Q4.  Do beginner programs reduce injury? 
Two studies, (Tafuri et al., 2019; Weisenthal et al., 2014) drew inferences of potential risk 
reduction (i.e. protective effect) associated with beginner classes.  Such classes are typically 
intended to orient participants who are new to CrossFit and provide instruction in the 
CrossFit methodology.  Both studies were at high risk-of-bias, and the level of evidence was 
therefore ‘limited’. 
 
Q5.  Does the duration of CrossFit experience influence injury risk? 
Two studies at high risk-of-bias (Feito, Burrows, et al., 2018; Montalvo et al., 2017), and one 
at ‘moderate’ risk-of-bias (Mehrab et al., 2017) reported findings addressing this question.  
Overall, the level of evidence was ‘conflicting’, with one study concluding that shorter 
duration (defined as <6 months) CrossFit participation was associated with significantly 
higher risk of injury (Mehrab et al., 2017), but two studies reporting that more experience 
was linked with higher injury risk (Feito, Burrows, et al., 2018; Montalvo et al., 2017). 
 
Q6.  Is competition associated with higher injury risk? 
Two studies (Minghelli & Vicente, 2019; Montalvo et al., 2017), both at high risk-of-bias, 
reported findings related to the role of competition as an injury risk factor.  The findings 
were, however, conflicting with one study reporting competitors more likely to be injured 
(based on raw proportions) (Montalvo et al., 2017), and one reporting that athletes who did 
not participate in competitions had a higher risk of reporting an injury (Minghelli & Vicente, 
2019).  Overall, the level of evidence was ‘conflicting’. 
 
Q7.  What is the effect of training frequency? 
Training frequency, defined as the number of days CrossFit training per week, was 
investigated by two studies as a potential injury risk factor.  Two studies, (Feito, Burrows, et 
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al., 2018; Minghelli & Vicente, 2019) both at high risk-of-bias, presented data in support of 
lower training frequency being associated with higher risk of injury.  Each of the studies 
dichotomised the training frequency variable using different units of measure: (Feito, 
Burrows, et al., 2018) using 3d/week, and (Minghelli & Vicente, 2019) using 3 
sessions/week, the former not accounting for days on which more than one training session is 
undertaken).  Overall, the level of evidence was ‘limited’. 
 
Q8.  Is there a difference in injury risk between males and females? 
Four studies, all at high risk-of-bias, reported findings for the effect of male or female gender 
on injury risk, with three studies reporting that males were at significantly greater risk of 
injury than females (Feito, Burrows, et al., 2018; S. Moran et al., 2017; Weisenthal et al., 
2014), and one study finding no difference in injury incidence between these genders (Sprey 
et al., 2016).  Overall, the resulting level of evidence was ‘limited. 
 
Q9.  What body regions are reported as sites of injury? 
Seven studies at ‘high’ risk-of-bias (Elkin et al., 2019; Escalante et al., 2017; Feito, Burrows, 
et al., 2018; Hak et al., 2013; Minghelli & Vicente, 2019; Montalvo et al., 2017; Weisenthal 
et al., 2014), and one at ‘moderate’ risk-of-bias (Mehrab et al., 2017), reported data 
addressing the prevalence of reported injury to specific regions of the body (Figure 11).  
Kendall’s coefficient of concordance was calculated to determine the extent of agreement 
between the eight studies for the rank order of injury prevalence for body regions.  There was 
a high, statistically significant, level of concordance across the studies (Kendall’s W=0.79, 
p=0.038).  The mean ranks for body regions (excluding ‘Other’) were, from most common to 
least common: Shoulder 1.00, Low Back 2.17, Arm/Elbow 3.67, Knee 4.17, Hip/Thigh 4.50, 
Wrist/Hand 5.50.  Given the number of available studies, and their inherent risk-of-bias, the 
level of evidence for this finding was ‘limited’. 
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Figure 11.  Bar chart to show reported prevalence for injury to specific body regions.  Notes: * ‘Low Back’ 
includes prevalence for ‘spine’ Hak et al. (2013).  Note that for Hak et al. (2013) and Mehrab et al. (2017) some 
values were estimated using visual scaling from figures.  Where necessary, data for adjacent body regions were 
combined, e.g. Hip/Thigh.  ‘Other’ was a specified category in Mehrab et al. (2017), but for all other studies 




Table 12.  Summary table for best-evidence synthesis 
Question, Author, Year Risk-of-bias Finding                                                                                                                                          Level of Evidence 
    
Q1.  Reported injury prevalence                                                                                                                                                                                          Limited 
   Hak et al. (2013) High 97 (73.5%) participants had sustained an injury that had prevented them from working, training or 
competing”. 
 
   Weisenthal et al. (2014) High 75 respondents (19.4%) had experienced at least 1 injury resulting from a CF workout in the 6 
months prior” 
 
   Chachula et al. (2016) High 44% (24 of 54) reported a new injury occurring after starting CF.  Of the 36 participants who 
reported a history of injury prior to starting CF, 55.6% (20 of 36) also reported a new injury 
 
   Escalante et al. (2017) High Injury prevalence of 46.5%  
   Mehrab et al (2017) Moderate The injury incidence [sic] for athletes participating in CF was 56.1%.    
   Montalvo et al (2017) High 26% of athletes reporting injury  
   Feito et al. (2018)  High 30.5% reported “suffering” an injury related to participation in CF  
   Tafuri et al. (2019) High 39.9% reported skeletal or muscles injury after to start training CF.   
Lifetime prevalence is 0.23 events per year of training/person 
 
Q2.  Reported injury incidence                                                                                                                                                                                              Limited 
   Hak et al. (2013) High 3.1 injuries / 1000 h  
   Summitt et al. (2016) High All shoulder injuries 1.94 injuries / 1000 h  
New shoulder injuries 1.18 injuries / 1000 h 
 
   Escalante et al. (2017) High 3.3 injuries / 1000 h  
   Montalvo et al. (2017) High 2.3 injuries / 1000 h  
   Williams et al (2017) High 2.1 injuries / 1000 h (90%CL 1.32 to 3.33)  
   Feito et al. (2018)  High 0.27 injuries / 1000 h (F 0.28, M 0.26).   
When assumed minimum h/week, 0.74 injuries / 1000 h (0.78 F, M 0.70) 
 
   Minghelli et al. (2019) High 1.34 injuries / 1000 h  
Q3.  Previous injury before CF increases risk after commencing CF?                                                                                                                              Limited 
   Chachula et al. (2016) High Individuals with a history of joint injury were 3.75 times (95%CI 0.88 to 18.6) as likely to sustain 
an injury during CF training (p=0.04) 
 
   Williams et al (2017) High Those with previous injuries had higher risk of registering an injury (RR 2.35 ×/÷ 2.37)  
Q4.  Beginner program reduces injury?                                                                                                                                                                                Limited 
   Weisenthal et al. (2014) High Participants who attended a gym that required a training period for beginners reported a lower 
injury rate [sic] (18.5%) than training facilities that did not require a training period (25.9%) (p=0.2) 
 
   Tafuri et al. (2019) High The average number of skeletal injuries decreases among those who did the on-ramp course 
p=0.011 
 
Q5.  Duration of CF experience influence injury risk?                                                                                                                                                     Conflicting 
   Mehrab et al. (2017) Moderate A short duration of participation (<6 months) was significantly associated with an increased risk for 
injury.” 
 
   Montalvo et al. (2017) High Athletes who reported injury also reported significantly higher values for years of participation  
(2.7 ± 1.8 vs 1.8 ± 1.5 injuries / 1000 h, p = 0.001) 
 
   Feito et al. (2018)  High >3 y experience reported more injuries than those 1-3y experience (p=0.002)  
Q6.  Is competition associated with higher injury risk?                                                                                                                                                    Conflicting 
   Montalvo et al. (2017) High Competitors were more likely to be injured (40% v 19%, p=0.002).  
   Minghelli et al. (2019) High CF practitioners who did not participate in competitions showed a 2.64 greater probability of having 
an injury (95% CI: 1.37-5.09; p=0.004) than those who did participate 
 
Q7.  Effect of training frequency                                                                                                                                                                                             Limited 
   Feito et al. (2018) High Higher rate of injuries among those training less than 3d/week compared to 3-5d/week  
   Minghelli et al. (2019) High CF practitioners who trained ≤2 per week showed a 3.24 greater probability of injury (95% CI: 
1.78-5.89; p≤0.001) than those who trained ≥3 per week 
 
Q8.  Difference in injury risk between males and females?                                                                                                                                             Limited 
   Sprey et al. (2016) High No significant difference in injury incidence rates regarding demographic data  
   Weisenthal et al (2014) High Males more likely to injure themselves than females (p=0.03)  
   Williams et al (2017) High Males more likely to register an injury than females (RR 4.44 ×/÷ 3.30)  
   Feito et al. (2018)  High Males reported greater number of injuries than females (p=0.004)  




Motivation for the review, purpose, and main findings 
This review was undertaken for the purpose of synthesising the existing peer-
reviewed literature in order to address a deficit in the literature identified by the 
scoping review reported in Chapter 2.  The widespread growth of CrossFit has also 
been accompanied by sharp criticism about injury risk in the popular press and other 
media (e.g. Cooperman (2005); Davis (2013); Diamond (2015)).  For sports injury 
researchers interested in high-intensity strength and conditioning generally, and 
CrossFit specifically, the absence of an appropriately rigorous systematic review 
focused on the topic of injury epidemiology and CrossFit participation has been an 
impediment to discourse in this area.  Therefore, the findings of this review may 
usefully inform both public opinion and the research literature about injury 
epidemiology in connection with CrossFit participation.  The findings also highlight 
areas requiring further research attention. 
 
One of the more salient issues of debate regarding injury and CrossFit is represented 
in this review by Question 2: “What is the reported injury incidence?”.  Knowledge of 
injury incidence is a fundamental expression of ‘risk’ (Phillips, 2000).  For sports 
injury researchers, establishing incidence is the first step of both the classic (van 
Mechelen et al., 1992) and updated sports injury research sequence (Finch, 2006).  
The injury incidence reported here (within the range 0.27 to 3.3 injuries per 1000 h) 
appears to be relatively low, and as a reference point, is of a similar order of 
magnitude to other sports such as powerlifting (1.0 to 4.4 injuries per 1000 h), and 
Olympic weightlifting (2.4 to 3.3 injuries per 1000 h) (Aasa, Svartholm, Andersson, 
& Berglund, 2017), and appears lower than that reported for running (recreational 
runners 7.7 injuries per 1000 h) (Videbaek, Bueno, Nielsen, & Rasmussen, 2015).  
However, this finding of low injury incidence must be considered in light of the high 
risk-of-bias evident in all six studies reporting estimates of injury incidence.   
 
A similarly cautious approach should also be adopted when interpreting findings 
related to the other guiding questions.  Of the nine questions addressed within the 
best-evidence synthesis, the level of evidence was ‘limited’ for six questions and 
‘conflicting’ for the remainder.  Overall then, studies reporting findings related to 
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injury associated with CrossFit participation are characterised by high risk-of-bias 
and, in turn, result in a limited level of evidence when considered collectively. 
 
Factors contributing to the limited level of evidence 
The limited level of evidence appears related to several causative factors, including: 
reporting quality in published articles, selection of study design (particularly the 
paucity of prospective designs), issues related to sampling design and execution, 
description of participants and setting, injury definitions, questionnaire validity and 
reliability, and data analysis.  Each of these factors is discussed below. 
 
Reporting quality 
Although an analysis of reporting quality was not formally conducted in this review, 
amongst the studies reviewed here, a substantial proportion (~50%) of all quality 
appraisal items were evaluated as being ‘unclear’.  Satisfying the requisite standards 
of reporting quality is a necessary, but not sufficient, condition for achieving low risk-
of-bias of a published study (Arundel, James, Northgraves, & Booth, 2019).  When 
methodological characteristics of a study are not described or described incompletely, 
judgments about the risk-of-bias associated with an item are often not possible, thus 
limiting the scope of critical appraisal.   
 
Selection of study design 
Investigators addressing research questions related to sports injury epidemiology must 
select from several different study designs.  These may include evaluation of injury 
databases and registries (e.g. Accident Compensation Corporation records), cross-
sectional survey designs, and prospective cohort studies.  A hierarchy of study 
designs has been long established in epidemiology, with designs lower on the 
hierarchy having inherently higher risk-of-bias (Sackett, Richardson, Rosenberg, & 
Haynes, 1997).  Thus, selection of study design will have a direct impact on the 
quality of the evidence arising from the study.  The principal weakness of cross-
sectional survey designs is the threat of recall bias caused by a participant’s imperfect 
memory of previous injury events (Mukherjee, 2015).  In epidemiological terms, 
cross-sectional designs are problematic because information about exposure 
(participation) and outcome (injury) are recorded concurrently (Carneiro et al., 2011), 
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and measurement of outcome status can influence the measurement of exposure 
status. 
 
Given how well known the limitations of cross-sectional designs are, it is noteworthy 
that 12 of the 13 studies reviewed here employed cross-sectional designs.  Cross-
sectional designs are considerably less complex than prospective designs in both 
formulation and execution.  For example, unlike cross-sectional designs, prospective 
studies require greater resourcing related to longer study duration (e.g. 3 to 6 months 
of monitoring), multiple points of participant contact (e.g. weekly reporting), and a 
higher risk of dropouts as the study progresses.  In addition, participant recruitment 
into prospective studies can be challenging because ongoing involvement over an 
extended period may be a disincentive for prospective participants from the outset 
(Toledano, Smith, Brook, Douglass, & Elliott, 2015).  These challenges, coupled with 
an academic and publishing environment that incentivises researchers to generate 
‘novel’ findings (Cohen, 2017; Yong, 2018) may contribute to researcher preference 
for so-called ‘quick and dirty’ methods (Porta, 2014).  Such methods, exemplified 
here by the prototypical online cross-sectional survey, can be designed and executed 
rapidly, usually requires minimal ethics committee consideration, and typically 
require only modest funding.  Although such designs can generate data rapidly (thus 
contributing to the ‘novelty factor’), there are many inherent threats to internal 
validity within these designs that are difficult, if not impossible to mitigate.  
Subsequently, the generalisability and usefulness of ‘quick and dirty’ findings are 
severely limited for most applications. 
 
Issues related to sampling design and execution 
Four RIBAT-C items address various aspects of sampling, with sampling frame (Item 
1), sampling methods (Item 2), sample size (Item 3), and coverage of the sample 
frame (Item 5) all being evaluated.  Item 3 was the highest scoring of all 11 items 
with ~50% of studies satisfying the sample size criteria.  However, the proportion of 
studies satisfying the criteria for items related to sampling frame, sampling methods, 




Participants and setting described 
Although full description of participants and setting are a matter of reporting quality, 
the impact of inadequate reporting of this information has potential to directly impact 
on risk-of-bias.  The reader is referred to further discussion of this item in the RIBAT-
C guidance document (Annex to Chapter 3).  Briefly, however, two areas requiring 
further attention that may enhance the quality of research related to this item are 
addressed here:  1) development of a core set of descriptive characteristics of CrossFit 
participants (e.g. age, gender, height, body composition etc.).  Consensus statements 
for core-sets of variables have been useful in advancing research in other fields 
including low back pain (Pincus, Santos, Breen, Burton, & Underwood, 2008) and 
rheumatology (Ehlers et al., 2019).  2) development of a framework to locate a 
participant within the spectrum of novice to elite.  Athletes at different levels of a 
sport have different injury risk (e.g. differing injury incidence between novice and 
recreational runners Videbaek et al. (2015)), and therefore identifying the level of 
athlete ability is necessary in sampling design and when considering generalisation of 
study findings.  The task of defining expertise in sport is complex (Swann, Moran, & 
Piggott, 2015), and requires identification of differentiating features across multiple 
domains.  These include: vocation as related to earning income via prizemoney or 
sponsorship, experience (duration of sporting career), training load, connections with 
athlete development groups for advanced coaching, physiological performance 
markers, and competitive results.  
 
Injury definitions 
Despite considerable attention in the sports injury literature regarding the importance 
of injury definitions (Fuller, 2010), here, injury definitions remain a source of bias.  
The potential impact of injury definitions on epidemiologic measures are well known 
and can impact on accurate estimates of burden and identification of valid risk factors 
(Hamilton, Meeuwisse, Emery, & Shrier, 2012; Kluitenberg et al., 2016).  
Encouragingly, five of the cross-sectional studies adopted closely related operational 
definitions of injury (Escalante et al., 2017; Mehrab et al., 2017; Sprey et al., 2016; 
Summitt et al., 2016; Weisenthal et al., 2014), but injury definitions were inadequate 
in others, including the absence of definitions (Tafuri et al., 2019), or reliance on the 
participant “self-determining” whether an event should be considered an injury (Elkin 
et al., 2019). 
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Questionnaire valid and reliable 
There are well-established best practices for the development of questionnaires and 
their implementation that contribute to the generation of high-quality data (Smythe, 
2016).  The quality (i.e. accuracy, fidelity, interpretability) of injury information 
collected using a questionnaire will be directly related to the measurement properties 
of the questionnaire.  Satisfying the conventional standards for each measurement 
property in the domains of reliability, validity, and responsiveness is critical to the 
veracity of research (Mokkink et al., 2010; Terwee et al., 2007).  It is therefore of 
concern that amongst the studies reviewed here, just one cross-sectional retrospective 
study satisfied the RIBAT-C appraisal item (Item 7) regarding questionnaire validity 
and reliability.  Before publication of the Oslo Sports Trauma Research Centre 
(OSTRC) Questionnaires for overuse injury (Clarsen et al., 2013), and illness (B. 
Clarsen et al., 2014), there have been few user-friendly, standardised instruments for 
collecting self-report injury information from sporting populations.  The OSTRC 
injury and illness questionnaires have emerged in recent years as a de facto standard 
for this purpose, but surprisingly, only the prospective study (S. Moran et al., 2017) 
employed the OSTRC Questionnaire, with other studies deploying questionnaires that 
were developed on an ad hoc basis. 
 
For a study to claim to investigate injury epidemiology related to participation in 
CrossFit, an issue of particular importance is being able to confidently attribute a 
reported injury to participation in CrossFit, rather than to a non-CrossFit related 
aetiology.  This is a particularly challenging task in the context of collecting 
information using questionnaires prepared on an ad hoc basis that have not been 
validated in the target population.  Attribution of injury (outcome) to CrossFit 
participation (exposure) is, of course, beyond the scope of cross-sectional designs; 
however, even ad hoc questionnaires should include items that seek to clarify the 
temporal relationship between an injury event in relation to CrossFit participation 
(e.g. “Do you consider this injury/problem was caused by your participation in a 
CrossFit workout/s”).  While this approach fails to mitigate against the inevitable 
recall bias associated with the concurrent collection of exposure and outcome 
information that is characteristic of cross-sectional designs (Rothman & Greenland, 
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2008), it does, at least, provide some limited assurance of an association between the 
reported injury and CrossFit participation. 
 
Data analysis 
The RIBAT-C criterion for data analysis (Item 11) were not satisfied by any of the 
cross-sectional studies.  Attempts to estimate injury incidence using cross-sectional 
data are inherently biased and should be derived from data collected using 
longitudinal designs.  Notwithstanding this bias, attempts to estimate incidence are 
highly dependent on the veracity of the dominator (i.e. exposure time).  None of the 
cross-sectional studies used acceptable procedures (as defined by the RIBAT-C 
criteria) for collection of exposure information. Thus, the bias inherent in calculating 
incidence from cross-sectional data was further aggravated by poor quality of 
exposure data. 
 
Comparison with previously published reviews 
In searching the indexed literature in preparation of the current review, nine previous 
reviews were identified (Claudino et al., 2018; Dominski et al., 2018; Gianzina & 
Kassotaki, 2019; Keogh & Winwood, 2017; Klimek et al., 2018; Knapik, 2015; 
Meyer et al., 2017; Poston et al., 2016; Tibana & Sousa, 2018).  The first published 
work appears to have been Poston et al. (2016), whose narrative review addressed the 
potential for injury risk associated with CrossFit (and other generic forms of high-
intensity functional-training) with a specific focus on application within a military 
context.  Despite including just three studies addressing CrossFit and injury, and not 
undertaking an evaluation of methodological quality, or risk-of-bias, Poston et al. 
(2016) concluded that "[CrossFit]…pose similar or lower potential for injury than 
many traditional PT activities, while resulting in similar or better gains in overall 
fitness and body composition.”  A review published by Keogh and Winwood (2017), 
included two studies of CrossFit during their widely-scoped review of injury across 
the spectrum of weight-training sports (weightlifting, powerlifting, bodybuilding, 
Strongman, Highland Games, and CrossFit).  Keogh and Winwood (2017) concluded 
that collectively, the weight-training sports “appear to have relatively low rates of 
injury compared with common team sports”.  This conclusion relates broadly to 
CrossFit, insofar as CrossFit is, at least in part, a sport that frequently involves 
weight-lifting.  Considering the whole of the weight-lifting sports injury literature, 
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Keogh et al. highlighted three major issues: the limited number of prospective 
designs, difficulties with diagnosis of injury, and changes in risk exposure as sources 
of bias. 
 
Subsequent reviews published in the period between 2017 and 2019 have benefited 
from the availability of a larger pool of primary studies, and with few exceptions 
(Klimek et al., 2018; Tibana & Sousa, 2018), have utilised systematic review methods 
(Claudino et al., 2018; Dominski et al., 2018; Gianzina & Kassotaki, 2019; Meyer et 
al., 2017).  A robust systematic review must consider the likelihood of bias inherent 
within each of the individual studies being synthesised (Boutron et al., 2019).  
Therefore, systematic reviewers need to select appropriate appraisal tools to evaluate 
risk-of-bias.  Unfortunately, three of the four systematic reviews failed in selection of 
appropriate appraisal tools.  Meyer et al. (2017) failed to report any appraisal, 
Dominski et al. (2018) inappropriately using the STROBE Reporting Checklist (da 
Costa et al., 2011), rather than a risk-of-bias tool; and Gianzina and Kassotaki (2019) 
used ‘the Delphi list’, a tool indicated for RCTs rather than observational designs 
(Verhagen et al., 1998).  Of the four systematic reviews, only Claudino et al. (2018) 
appears to have used an appropriate method of assessing risk-of-bias with their 
selection of the Cochrane risk-of-bias tool.  Notably, the scope of work by Claudino 
et al. (2018) extended beyond injury risk or injury epidemiology, and included 
analysis of a wide spectrum of scientific literature related to CrossFit including social 
(e.g. sense of community), psychological (e.g. sense of satisfaction), and physiologic 
changes (e.g. changes in body composition and fitness) associated with CrossFit 
participation.  Such breadth of coverage may be more appropriately addressed by 
scoping review, rather than systematic review (Munn et al., 2018). 
 
In summary, previous reviews have not adequately addressed injury epidemiology 
associated with CrossFit, with conclusions confounded by non-systematic designs 
(Knapik, 2015; Poston et al., 2016; Tibana & Sousa, 2018), low numbers of primary 
studies available for review (Keogh & Winwood, 2017), and not considering the 
potential for bias in primary studies when undertaking synthesis (Meyer et al., 2017).  
Claudino et al. (2018) avoided these problems, but the scope of work was broad and 
extended across multiple topics rather than being focused on injury.  Thus, the present 
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systematic review appears to be the first to have employed risk-of-bias appraisal and 
focused exclusively on injury epidemiology associated with CrossFit. 
 
Methodological issues in the execution of this review 
There are several points of discussion related to methodological decisions made 
during the design of this review.  These include: 1) the emphasis on risk-of-bias rather 
than methodological quality, 2) challenges associated with the non-uniform use of 
terminology for description of study designs (e.g. cross-sectional, retrospective, 
descriptive), 3) issues related to aligning descriptors for the two separate critical 
appraisal tools (RIBAT-C and Q-Coh), 4) the rationale for adaptation of van Tulder’s 
criteria for establishing Levels of Evidence; and 5) the role of operational definitions 
for interpreting critical appraisal tool items. 
 
Focus on risk-of-bias 
Following from the discussion in Chapter 3 of methodological quality as a function of 
reporting quality and risk-of-bias; for this review, we elected to focus on evaluating 
risk-of-bias rather than the broader concept of methodological quality.  This decision 
is consistent with the approach taken by the Cochrane group (Higgins & Green, 2011) 
(see also Introduction to Chapter 3).  Despite not undertaking a formal evaluation of 
reporting quality here, it is clearly evident from the high proportion of ‘unclear’ 
ratings (Table 11) that this is an area of weakness.  The issue of poor reporting quality 
is not exclusive to research reports on the topic of CrossFit, but should be considered 
symptomatic of a widespread problem within the sports injury literature (Yoon et al, 
2012). 
 
The role of operational definitions for interpreting appraisal items 
A notable strength of this study was the use of an extensively documented set of 
operational definitions and scoring criteria each RIBAT-C item within the context of 
CrossFit (see Chapter 3).  This detailed explication was intended to improve 
interpretability of each item by enhancing the contextual match between type of bias 
under consideration (as represented in each item), and its application to CrossFit.  The 
reviewers (RM, JM) in this study had previous experience in using the Q-Coh 
instrument (Moran et al (2017); and Chapter 7) and had previously demonstrated 
acceptable inter-rater reliability for Q-Coh items (kappa coefficient of 0.62).  In light 
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of each reviewer’s familiarity with Q-Coh, and the fact that just one study was 
appropriate for review using the Q-Coh, a pragmatic decision was made not to 
generate context-specific operational definitions for the Q-Coh in this case. 
 
Limitations inherent in the conduct and reporting of this review 
There were two principal limitations in the conduct of this review.  Firstly, the 
eligibility criteria specified that articles not published in English would be excluded.  
This decision was made based on limited availability of resources to conduct adequate 
translation, an approach adopted in many other systematic reviews (Rasmussen & 
Montgomery, 2018).  Subsequently, it is possible that relevant non-English articles 
exist, and could be of sufficiently low risk-of-bias to influence the overall levels of 
evidence.  However, in our database search, we identified only one non-English 
language article (von Rottkay, Nöth, Zinner, & Reichert, 2018), and it appears 
unlikely that there exists a sufficiently large volume of articles of low risk-of-bias to 
impact the overall level of evidence identified here.  Secondly, we did not conduct 
any meta-analysis to calculate pooled estimates for injury incidence or injury 
prevalence.  This decision was made based on the high risk-of-bias evident in 11 of 
13 articles.  Meta-analysis of data extracted from studies at high risk-of-bias will 
compromise the accuracy and validity of the pooled estimates and are not 
interpretable (Guyatt et al., 2008).  Moreover, methodological differences between 
articles on critical aspects including injury definitions, recall period, and data 
collection methods, all negatively contributed to methodological diversity, which is a 
necessary condition for meta-analysis (Borenstein, Hedges, Higgins, & Rothstein, 
2009).   
 
Future work 
To date, the majority of studies exploring injury epidemiology in this population have 
been characterised by high risk-of-bias.  We recommend that investigators should 
refrain from undertaking further cross-sectional surveys, as more of these types of 
study are unlikely to provide additional clarity in addressing questions of injury risk 
and epidemiology.  One possible exception would be a cross-sectional design 
employing a properly powered randomised sample, designed to be representative of a 
precisely defined group of CrossFit participants (e.g. elite/professional athletes).  
Instead, investigators should employ more robust designs, particularly prospective 
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monitoring of athletes over an extended period (e.g. 6 months) and employ best-




Chapter 4 – Summary points  
• A systematic review of studies reporting injury epidemiology was conducted 
• Of the 13 studies meeting eligibility criteria, 12 employed cross-sectional 
designs and one was a prospective observational design 
• Cross-sectional studies were appraised for risk-of-bias using the RIBAT-C tool, 
and the prospective study appraised using the Q-Coh tool 
• Of the 12 studies employing cross-sectional designs, 11 were assessed as being 
at high risk-of-bias, and one study at moderate risk-of-bias 
• The prospective study was appraised as being at high risk-of-bias 
• A best-evidence synthesis was undertaken to address nine review questions 
• The high risk-of-bias and low number of studies negatively impacted the overall 
level of evidence for each review question 
• The level of evidence was limited for questions of injury prevalence (Q1), injury 
incidence (Q2), previous injury as a risk factor (Q3), role of a beginner program 
in injury reduction (Q4), the effect of training frequency (Q7), identifying body 
regions as sites of injury (Q9) 
• The level of evidence was conflicting for questions of experience as a risk factor 
(Q5), competition as a risk factor (Q6), difference in risk between males and 
female (Q8) 
• Factors contributing to the limited level of evidence were discussed including 
reporting quality, selection of study design, sampling issues, description of 
participants, injury definitions, questionnaire validity, and data analysis 
• Meta-analysis of injury prevalence and incidence was contraindicated because of 
high risk-of-bias and heterogeneity of important study parameters (i.e. injury 
definitions, recall period, and data collection procedures) 
• A best-evidence synthesis of six studies identified an injury incidence within the 
range 0.27 to 3.3 injuries per 1000 h but this apparently low value must be 
interpreted cautiously and in light of the high risk-of-bias evident in the studies 
• Further cross-sectional study designs should be avoided, instead, prospective 
monitoring of athletes extended periods (e.g. 6 months) and utilising best-














A key finding of the systematic review reported in Chapter 4 was that 12 of the 13 
studies reporting investigations of injury epidemiology in CrossFit® participants have 
been cross-sectional, rather than prospective in design.  Notwithstanding the known 
limitations inherent within cross-sectional designs investigating injury epidemiology, 
a further issue was that when appraised within the constraints of cross-sectional 
design, 11 of the 12 cross-sectional studies were at high risk-of-bias, and the 
remaining study at moderate risk-of-bias.  In addition, the only prospective study was 
appraised as being at high risk-of-bias.  In summary, it was evident from the 
systematic review that further investigation of injury epidemiology amongst CrossFit 
participants was necessary, and moreover, that this investigation should employ a 
prospective study design over an extended period of monitoring (e.g. 6 months).  
Within sports injury epidemiology, the use of a prospective study design to follow a 
group of athlete participants over time enables investigators to address the 
fundamental question “what is the extent of the problem?” (i.e. TRIPP step 1, Finch, 
(2006)).  In addition, prospective study designs enable insight into the aetiology and 
mechanisms of injury, that is, the role of various risk factors in the production of 
injury (i.e. TRIPP step 2).  Within the thesis, the findings of Chapters 2 and 4 provide 
a rationale for undertaking a prospective study that could address both step 1 and 2 of 
the TRIPP framework.  However, in order to design a prospective study a number of 
methodological issues needed careful consideration.  Therefore, the purpose of this 
chapter was to critically review selected methodological issues with a view to 
informing the design and execution of the prospective study later reported in Chapter 
9.  Specifically, four issues were considered: 
 
1) Selection of methods for calculating workload and CrossFit exposure 
2) Selection of a movement quality assessment tool 
3) Considerations related to previous injury as a risk factor for subsequent injury 




1. SELECTION OF METHODS FOR CALCULATING WORKLOAD 
AND CROSSFIT EXPOSURE 
 
A method of determining participant exposure to CrossFit is necessary 
In order to design and execute an injury surveillance study, methods to collect 
information about CrossFit participation, in terms of workout duration, session 
intensity, and sessions per week, were required for two reasons:  Firstly, in injury 
epidemiology, good quality exposure data are essential to calculate estimates of injury 
incidence (Verhagen & van Mechelen, 2010).  A criticism of previous injury 
epidemiology studies of CrossFit participants identified in Chapter 4 was the poor 
quality of data used in the calculation of injury incidence.  In brief, previous 
investigators have made fairly crude assumptions about exposure (Feito, Burrows, et 
al., 2018; Minghelli & Vicente, 2019; Montalvo et al., 2017), with only one study 
reporting any attempt at empirical collection of exposure information (S. Moran et al., 
2017), and others failing to report any detail about exposure (Escalante et al., 2017; 
Hak et al., 2013; Summitt et al., 2016).  Because of these issues, a robust method of 
estimating participant exposure to CrossFit was necessary.  Secondly, information 
about training intensity and duration for each CrossFit workout was needed to derive 
workload indices for potential use as risk factors for injury. 
 
 
Overview of concepts related to workload 
External and internal workload 
Workload can be viewed from the perspective of ‘external’ and ‘internal’ loads.  
Conceptually, external load represents the observable physical work performed by an 
athlete during a specific workout (McLaren et al., 2018), while internal load 
represents an athletes’ biochemical (physical and physiological), biomechanical, and 
psychological stress response to the work (Vanrenterghem, Nedergaard, Robinson, & 
Drust, 2017).  While two athletes completing the same prescribed workout will 
undertake identical external loads, each athlete’s internal load will depend on their 
unique stress response to the external load.  Because of the breadth of factors 
moderating internal load responses (Haddad, Padulo, & Chamari, 2014; Monoem 
Haddad, Stylianides, Djaoui, Dellal, & Chamari, 2017), a large number of measures 
for internal load have been described, including measures in the physiological, 
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biomechanical, and psychological domains (Saw, Main, & Gastin, 2015; 
Vanrenterghem et al., 2017).  Physiological measures have been primarily focused on 
practical and minimally invasive heart-rate derived indices such as Banister’s 
Training Impulse (TRIMP)  (Banister, 1991), Edwards’ TRIMP (Edwards, 1993), and 
Lucia’s TRIMP (Impellizzeri, Rampinini, Coutts, Sassi, & Marcora, 2004).  However, 
other more invasive and less practical measures such as oxygen consumption (i.e. 
VO2), and blood lactate have been extensively utilised in research and high-
performance settings (Borresen & Lambert, 2009).  Various biomechanical indices of 
internal load such as musculotendinous loading (Esmaeili, Stewart, Hopkins, Elias, & 
Aughey, 2017) have also been identified, but these are clearly not practical for daily 
monitoring of training, and their use has been limited to laboratory research. 
 
Relationship between injury and workload 
Until recently, the predominant use of workload information has been in the 
prescription and monitoring of exercise stimulus for the purpose of inducing 
improvements in fitness, readiness to compete, and elevating performance (Borresen 
& Lambert, 2009).  However, beyond exercise prescription, workload monitoring has 
recently gained considerable attention for its role as a risk factor in the aetiology of 
sports injury.  Drawing on studies reporting relationships between workload and 
injury across a wide range of sports (especially rugby league, Australian Football, 
cricket, rugby, and soccer), Windt and Gabbett (2016) identified that traditional 
models of injury aetiology failed to adequately account for the nature of exposure to 
training and competition training workloads.  In response to this perceived deficit, 
Windt and Gabbett (2016) proposed an update of the classical multifactorial injury 
aetiology models (Meeuwisse, 1994; Meeuwisse, Tyreman, Hagel, & Emery, 2007) 
by incorporating workload as a key modifiable determinant of injury risk.  In the 
updated ‘workload-injury model’, Windt and Gabbett (2016) focus attention away 
from the role of absolute workload as a risk factor (i.e. the idea that ‘higher workloads 
cause higher injury incidence’), and instead focus on the dynamics of workload, 
especially the changes in injury risk associated with changes in workload. 
 
Central to the workload-injury model is consideration of an athlete’s response to the 
application of workload, as identified by the ratio of acute workload (e.g.1-week 
workload) to chronic workload (e.g. 4-week rolling average workload).  Several 
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studies have demonstrated that when the ratio of acute:chronic workload is high, often 
described as ‘spikes’ in workload, the risk of injury also increases in the period 
immediately following the spike.  Earlier studies demonstrated this relationship in the 
context of cricket (Hulin et al., 2014), rugby league (Hulin, Gabbett, Lawson, Caputi, 
& Sampson, 2016), and soccer (Ehrmann, Duncan, Sindhusake, Franzsen, & Greene, 
2016), but workload monitoring with a view to injury and illness prevention has also 
been adopted in many other sports (Schwellnus et al., 2016; Soligard et al., 2016).  
Regardless of the specific sporting context, or method of deriving workload (e.g. 
sRPE, GPS-based measures of running velocity, or number of throws made), the 
generalised picture has been that injury risk increases strongly when acute:chronic 
workload ratios exceed ~1.5 (Gabbett, 2016). 
 
Which form of the acute:chronic workload ratio is most appropriate – coupled or 
uncoupled? 
Two methods of calculating acute:chronic workload ratio (ACWR) have been used in 
the literature – the rolling average method, and the exponentially weighted moving 
average (EWMA) (Griffin, Kenny, Comyns, & Lyons, 2020).  Rolling averages can 
be calculated in either a mathematically ‘coupled’ or ‘uncoupled’ form.  In the 
‘coupled’ form, the ACWR is calculated as the acute workload for the previous 7 days 
divided by the average workload of the previous 28 days.  In the ‘uncoupled’ form, 
the ACWR is calculated as the acute workload divided by the chronic workload, 
however, the chronic workload does not include the workload of the most recent 7 
days.  Although recent reviews have identified the majority of studies investigating 
ACWR and injury risk have used coupled ACWRs (Andrade et al., 2020; Griffin et 
al., 2020), the use of coupled ACWRs has recently been critiqued on the basis that 
coupling will underestimate change (Lolli et al., 2019), thus leading to inappropriate 
inferences because of the inherent correlation between acute and chronic loads 
(Wang, Vargas, Stokes, Steele, & Shrier, 2020).  A further issue related to ACWRs 
calculated using the coupled method is that the ACWR generated represents a 
proportion rather than an index of change (Wang et al., 2020).  In response to these 
issues, it has been demonstrated that the use of coupled or uncoupled ACWRs did not 
result in any significant differences in injury risk and that both methods resulted in the 
same likelihoods (Gabbett, Hulin, Blanch, Chapman, & Bailey, 2019). 
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Rolling averages may not adequately represent workload – is an exponentially 
weighted moving average better? 
Notwithstanding the issue of mathematical coupling in generation of ACWR, 
Menaspà (2017) highlighted two issues with the use of rolling averages in calculating 
ACWRs.  Firstly, different athletes can undertake different patterns of acute workload 
over the same period, but the ACWR can be the same, thus, the use of averages fails 
to adequately represent the workload undertaken over time.  Secondly, using rolling 
averages fails to represent the timing of the workload stimulus, and treats equally a 
workload undertaken four weeks previously as the workload undertaken, say two 
weeks previously.  This approach fails to represent the decay in training stimulus that 
occurs over time, instead treating all workload accrued within the ‘chronic’ (e.g. 28-
day) period equally.  In response to these issues, Williams, West, Cross, and Stokes 
(2016) proposed an exponentially weighted moving average (EWMA), where more 
recent loads are weighted more strongly and older loads less strongly in the ACWR, 
such that exponentially decreasing weights are applied for loads on each day prior to 
the day of calculation.  Using this approach, loads performed more recently will have 
greater influence on the ACWR than loads performed longer ago.  While the use of 
the EWMA appears attractive in light of the issues identified by Menaspà (2017), the 
approach does have several limitations.  Williams et al. (2016) proposed decay 
constants based on the number of days within the acute or chronic period, however, 
Wang et al. (2020) point out the constants are arbitrary and it is not clear what 
constants are most appropriate for different sporting contexts. 
 
A further practical problem is that for EWMA calculations it is necessary to assign an 
initial value  – where the initial value is the ‘load for yesterday’, even though 
‘yesterday’ on Day 0 cannot be an observed value.  Murray, Gabbett, Townshend, and 
Blanch (2017) address this by assigning the load observed for Day 1 to Day 0 
(‘yesterday’) but Wang et al. (2020) argues that approach this can lead to an 
inappropriately large weighting of the initial load within the EWMA, and can bias 
ACWR until the biased initial weighting dissipates.  Wang et al. (2020) have 
modelled that this initial load problem persists for 50 days of observations, and would 
therefore preclude use of workload data during this period.  In addition, athletes who 
reported injuries within this 50-day period could not be included in risk modelling 
(since the ACWR is biased).  From the perspective of planning a longitudinal study, 
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this would increase the sample size requirements to accommodate the loss of power 
that may occur.  This timeframe is also problematic from the perspective of needing 
to increase the duration of observation necessary by an additional 50 days, thus 
increasing participant burden and stretching resources. 
 
An important practical consideration for note here is that participant response rates 
usually decline over the course of longitudinal studies.  If the recommendation of 
Wang et al. (2020) to discard the first 50 days of observations was adopted in studies 
planned for single seasons (e.g. 3-6 months), when considered alongside declining 
response rates, and already often modest sample sizes is sports research, this could 
dramatically erode the number of valid observations and further compromise study 
power.  In considering the methodological issues related to both rolling averages and 
EWMA for calculation of ACWR, it appears the most pragmatic solution is to employ 
the uncoupled rolling average. 
 
Regardless of which measure of workload is used – workload dynamics are important 
Notwithstanding ongoing discourse about selection and derivation of an optimal 
metric to represent change in workload (e.g. Williams et al. (2016); Hulin (2017); 
Menaspà (2017); Murray et al. (2017); Lolli et al. (2018); Wang et al. (2020)), there 
persists a strong signal from within the contemporary injury aetiology literature that 
workload dynamics are a key risk factor in consideration of injury aetiology.  For 
example, a recent statement by the International Olympic Committee regarding 
workload monitoring and injury underscores the perceived importance of workload 
monitoring in injury prevention (Soligard et al., 2016).  It is clear that researchers 
investigating injury risk factors do need to account for workload in selection of study 





Contextual considerations for collection of workload information within the intended 
study setting and population 
Methodological issues related to workload have attracted considerable attention in the 
exercise and sports science literature as demonstrated by the number of recently 
published reviews on this topic (e.g. Coyne, Gregory Haff, Coutts, Newton, and 
Nimphius (2018); Haddad et al. (2017); McLaren et al. (2018); Scott, Duthie, 
Thornton, and Dascombe (2016); R. A. Tibana et al. (2018); Vanrenterghem et al. 
(2017)). 
 
Not surprisingly, given the level of topical interest, a wide range of tools for 
collecting workload information have been described, and two principal groupings are 
apparent: 1) Objective methods utilising instrumentation, often in the form of 
wearable technologies (Cardinale & Varley, 2017); and 2) Subjective methods, 
typically in the form of participant self-reports of perceived effort.  The selection of a 
tool to collect workload information that aligns with the research context is essential, 
and the selection process needs to consider specific issues, including those related to 
the workload type of interest (i.e. external or internal), the measurement domains of 
interest (e.g. biomechanical, cardiac, metabolic, hormonal, psychological), and 
financial costs of acquisition and operation.  Further practical considerations include 
those related to the constraints of the intended study design and setting such as the 
logistics of data capture and retrieval by the researcher.  In response to these issues, a 
pragmatic evaluation of possible tools for workload collection in the context of 
CrossFit was undertaken by the candidate, and the findings are displayed in Table 13.  
The outcome of this evaluation was that session rating of perceived exertion (sRPE) 
was identified as the most appropriate method of collecting workload information. 
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Table 13.  Evaluation of candidate tools for collection of workload data in CrossFit participants 
Candidate tool Workload 
type 
Measurement domain Cost Self-
administration by 
participant? 














External Velocity, time, distance – 
particularly locomotion 
(i.e. running) 
$$$ [1] [2] [3] [4] [5] 
Inertial based 
sensors 
External Acceleration, change of 
direction 
$$$ [6] [7] [8] [9] [10] 
Heart-rate responses Internal Heart-rate based measures 
of workload e.g. 
Bannister’s TRIMP 
$$ [11] [12] [13] 
 
[14] [15] 
Oxygen kinetics Internal Metabolic parameters 
(respiratory) 
$$$ [16] [17] [18] [19] 
 
[20] 
Blood lactate Internal Metabolic parameters 
(biochemistry) 
$$$ [21] [22] [23] [24] [25] 
Session-RPE Internal Subjective measure of 
perceived exertion for an 
exercise session 
$ [26] [27] [28] [29] [30] 
 
Notes:  The 'traffic-light' ratings represent an evaluation for use specifically within a study design for data collected during routine CrossFit participation where a researcher 
will not directly supervise a participant. 
  = favourable for application,  = possible, but presents some challenges for application,  = not suitable for application.  Indicative costs are displayed as $ = estimated 
< $100 per participant, $$ = estimated $100 to $500 per participant, $$$ = estimated >$500 per participant. Further explanatory notes are shown for each cell, below:  
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[1] Fitting a GPS sensor harnesses can be performed independently, but anecdotal evidence from team sports indicates that technician support is desirable. [2] CrossFit 
workouts (at least in commercial premises) are typically undertaken indoors where GPS sensors are not operative. [3] A GPS sensor harness may be perceived by some users 
to interfere with shoulder girdle range of motion required during gymnastic movements. [4] Technical support for a cohort of study participants distributed across different 
sites would be challenging. [5] The principal limitation of GPS sensors in this context is that measures of velocity, time, distance, represent only a small fraction of the total 
workload in a CrossFit workout. [6] Inertial based sensors (independent of GPS) for monitoring workload are best integrated into GPS units. Independent inertial sensors 
(wrist/thigh/waist) can be sensitive to correct user set-up. Previous experience with inertial sensors suggested self-administration could be problematic for some users 
(Ferguson, 2016). [7] Retrieval of raw inertial sensor data requires contact with each participant at regular intervals to download raw data from each device. [8] Inertial 
sensors are small in profile and generally well accepted by users. [9] Recharging of batteries is required on a  regular basis but is not challenging for most users if they are 
responsive to instructions. [10] Accelerations can, in principal, be used to determine load in strength training (Cardinale & Varley, 2017), however, the use of wearable 
inertial sensors was not well developed at the time of planning the study. [11] Heart rate monitors (chest strap and wrist watch) are easily self-administered. [12] Retrieval of 
raw heart-rate data requires contact with each participant at regular intervals to download raw data from each device. [13] Heart rate monitor transducers (e.g. chest strap) and 
receivers (e.g. wrist-watch) may present hazard for injury in weightlifting and gymnastics movements. Anecdotally, CrossFit participants do not wear wrist-watches because 
of safety concerns with catching or damaging the watch. [14] Heart rate monitors generally require minimal technical support and battery life that extends to several months 
of data collection. [15] It is well established that HR responses do not adequately represent the demands of strength training (Day, McGuigan, Brice, & Foster, 2004; Foster et 
al., 2001). [16] Oxygen kinetics (i.e. metabolic cart) cannot be self-administered. [17 – 19] Requires exercise physiology technician and is not suited to observational based 
data collection in field settings. Most suited to experimental laboratory designs. [20] Oxygen kinetics (e.g.VO2) are unlikely to represent the full spectrum of workload 
observed within a CrossFit workout, for example, anaerobic demands are likely to be underestimated. [21 – 24] Requires exercise physiology technician and is not suited to 
observational based data collection in field settings. Most suited to experimental laboratory designs. [25] Blood lactate changes are unlikely to represent the full spectrum of 
workload observed within a CrossFit workout, for example, aerobic demands are likely to be underestimated. [26] Self-administration of a post-workout questionnaire is 
conceptually simple, requiring no technical expertise, but does depend on participant compliance. [27] Notwithstanding participant compliance, data capture and retrieval of 
RPE questionnaires is simple and can be completed using smartphone applications, web-based forms, and printed logbooks/diaries. [28] RPE questionnaires involve only a 
few items and therefore present minimal user burden. [29] No technical support is necessary when administering RPE questionnaires. [30] Session ratings of perceived 
exertion have been validated for use in a wide range of sporting applications including both aerobic workload (Borresen & Lambert, 2009), and also in resistance training 
(Day et al., 2004). 
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Overview of session-RPE as a determinant of workload  
Introduction to the use of session-RPE to determine workload 
The use of session-RPE as a measure of workload9 originated with Foster et al. (2001) who 
adopted Borg’s earlier work on Category Ratio-based measures of perceived exertion and 
pain (Borg, 1998), and proposed an index of workload as the product of RPE multiplied by 
session duration, where: 
 
Workload (a.u.) = RPE • Session duration (min). 
 
Workload is expressed in arbitrary units (a.u.), and RPE is the Rating of Perceived Exertion 
using Borg’s CR-10 scale.  The CR-10 scale uses an 11-point scale anchored by 0 to 
represent ‘Rest’, and 10 representing ‘Maximal’.  Other descriptors are 1 = ‘Very, Very 
Easy’, 2 = Easy, 3 = Moderate, 4 = Somewhat Hard, 5 = Hard, 7 = Very Hard.  No 
descriptors are provided for 6, 8, and 9 (Foster et al., 2001).  Administration of the measure is 
simple, with the athlete responding (independently of other athletes) to the prompt “How 
hard was the session?” (or similar phrase) by providing a single value in the range 0 to 10 to 
represent the overall intensity of the session.  Subsequently, the RPE value is multiplied by 
the session duration in minutes. For example, an overall RPE of ‘7’ (Hard), recorded by an 
athlete following a 60-minute session of exercise would generate a workload of 420 (A.U.) 
for that session.  Workload over a given time period (e.g. one week) is then simply the sum of 
workload recorded in the period. 
 
Validity and reliability of sRPE 
A 2017 review of sRPE (Haddad et al., 2017) identified 950 studies citing the original work 
of Foster et al. (2001).  Of these, 36 studies reported investigations into validity and 
reliability of sRPE across a wide range of sport and exercise applications.  These include 
team sports (basketball, water polo, and football codes – soccer, Australian, Canadian, rugby 
union, rugby league), combat sports (wrestling, taekwondo, karate), and sports involving 
racing (cycling, rowing, running, kayak). 
 
9 The term ‘Training Load’ originated with the work of Foster et al (2001), however, more contemporary 
scholars have tended to use the term ‘workload’ reflecting that both training and competition loads need to be 
accounted for. Here, ‘workload’ will be used to reflect this convention even in cases where cited sources use 
Training Load.  
 109 
 
Of particular relevance to the context of CrossFit, studies investigating validity and reliability 
of sRPE in steady state and interval exercise (Minganti et al., 2011; Wallace, Slattery, 
Impellizzeri, & Coutts, 2014), strength and conditioning (McGuigan & Foster, 2004; Singh, 
Foster, Tod, & McGuigan, 2007; Sweet, Foster, McGuigan, & Brice, 2004), and gymnastics 
have been conducted (Minganti, Capranica, Meeusen, Amici, & Piacentini, 2010).  The 
conceptual basis for investigating validity in all reviewed studies was correlating sRPE with 
one or more of Banisters’, Edwards’, or Lucia’s TRIMP.  Although Haddad et al did not 
attempt meta-analysis of any validity or reliability related statistic, inspection of reported 
values identifies magnitudes for correlation between sRPE and TRIMP in the range r ~ 0.5 to 
0.95, clearly supporting a conclusion of at least acceptable, if not moderate-to-high construct 
validity.  Similarly, for those studies reporting investigation of test-retest reliability, the range 
of reported values for test-retest correlation lies between ICC ~ 0.5 to 0.96, again supporting 
a conclusion of acceptable test-retest reliability.  The overall finding of Haddad et al was that 
sRPE is valid, reliable, and importantly, a practical method of determining workload (Haddad 
et al., 2017). 
 
Demonstration of validity of session-RPE within population and setting directly comparable 
to CrossFit 
Of particular relevance to application of sRPE within the CrossFit context has been the work 
of Tibana et al. (2019) who investigated the relationship between sRPE and internal load 
(heart-rate, blood lactate), and number of repetitions (i.e. external load) in a sample of 
CrossFit athletes.  Notwithstanding potential limitations of generalisability arising from the 
sampling (i.e. non-random, exclusively male, small sample of  8), Tibana et al demonstrated a 
‘large’ correlation with both blood lactate (r = 0.67, p = 0.005), and number of completed 
exercise repetitions (r = 0.56, p = 0.026), thus providing at least some evidence supporting 
the validity of RPE for application within the CrossFit context.  However, in view of the 
unexplained variance inherent in these correlates, further work to develop robust measures of 




Section 1 Key outcomes 
• The use of session-RPE enables a simple calculation of exposure (necessary for 
calculation of injury incidence) based on summation of session duration. 
• There is a strong rationale for selection of session-RPE as an appropriate index 
of workload for a study design involving prospective field-based monitoring of 






2. SELECTION OF A MOVEMENT QUALITY ASSESSMENT TOOL 
 
Background and overview of movement related assessments 
Meeuwisse’s linear (Meeuwisse, 1994) and dynamic models (Meeuwisse et al., 2007) of 
sports injury causation describe a complex interplay between intrinsic and extrinsic factors as 
predisposing factors to injury.  Modifiable intrinsic risk factors such as proprioception, 
neuromuscular and sensorimotor abilities (Hubscher et al., 2010), muscle strength and power 
and motor control deficits (Hides & Stanton, 2014), muscle function and asymmetry of the 
trunk (Hides, Brown, Penfold, & Stanton, 2011), body position and kinematics (Shimokochi, 
Ambegaonkar, Meyer, Lee, & Shultz, 2013), have all been associated with elevated injury 
risk.   
 
Several systematic reviews have demonstrated the role of exercise and training interventions 
in moderating the impact of intrinsic risk factors in injury aetiology (Herman, Barton, 
Malliaras, & Morrissey, 2012; Lauersen, Bertelsen, & Andersen, 2014; Leppänen, Aaltonen, 
Parkkari, Heinonen, & Kujala, 2014; McBain et al., 2012), thus underscoring the importance 
of practitioners working in injury prevention and rehabilitation being able to identify intrinsic 
risk factors so that targeted interventions can be prescribed.  The identification of intrinsic 
risk factors in controlled laboratory studies has been accompanied by the emergence of field-
expedient observation-based methods intended to provide a practitioner with insight into an 
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athlete’s intrinsic risk status.  Both practitioners and researchers have tended to refer to these 
assessment tools as ‘movement screening tools’, although the term ‘screening’ is evidently 
not being used in the same sense as in medical diagnostics (e.g. a cancer screening program) 
(Roald Bahr, 2016).  Many of the tools described in the literature over the last decade have 
consisted of multiple components, each component putatively addressing an intrinsic risk 
factor.  The overall assessment outcome has been considered to reflect an athlete’s 
‘movement quality’10.  One of the few available definitions of ‘movement quality’ was 
proposed by Kritz, Cronin, and Hume (2009) as:  “An individual’s ability to perform a 
specific movement task or pattern in an optimal manner” (p.76).  In the decade following the 
definition of Kritz et al, there has been little progress in the sports injury and rehabilitation 
literature regarding the characteristics of the underlying construct (‘movement quality’ or 
similar) assessed by these clinical tools, and despite many published investigations on the 
topic of movement screening, it appears that few have attempted to describe or define the 
measurement construct under consideration.11  
 
The absence of an agreed definition and scholarship in support of the measurement construct 
has been accompanied by a proliferation in the number of published movement screening 
systems.  For example, in their 2017 systematic review Bennett et al. (2017) identified more 
than 15 different movement screening systems, and more than 50 discrete tasks grouped into 
nine categories (squat, hinge, lunge, pushing, pulling, abdominal bracing, mobility, balance, 
and sport specific).  Of the 11 movement screening systems reviewed, Bennett et al identified 
seven that stated “predict injury risk” as an objective of the assessment (Cook, Burton, & 
Hoogenboom, 2006a; Frohm, Heijne, Kowalski, Svensson, & Myklebust, 2012; R. McCunn 
et al., 2017; Mischiati et al., 2015; N. Moore, Kertesz, & Bird, 2012; Reid, Vanweerd, 
Larmer, & Kingstone, 2015; Tarara, Hegedus, & Taylor, 2014).  Of these, the Functional 
Movement Screen (Cook et al., 2006a), has attracted the majority of research attention 
compared to other screening systems as evidenced by more than 772 citations of the seminal 
 
10 ‘movement quality’ has often been used interchangeably with ‘movement competency’. 
11 The emergence of the International Movement Screening and Interventions Group, in 2016 may now 




FMS paper (Cook et al., 2006a), a value more than three times the number of citations for the 
other seven systems combined (227 citations).12 
 
In addition to the extent of research activity related to the FMS, there is some empirical 
evidence of the FMS being popular amongst practitioners, particularly in football (McCall et 
al., 2014).  Anecdotally, the FMS appears to be the most widely recognised of the various 
movement screens by practitioners, and also has widely available source materials in the 
form of a textbook (Cook, Burton, Kiesel, & Rose, 2010a), and accessible instructional 
programs offered online and in practical workshop formats in many countries (Functional 
Movement Systems Inc, 2020). 
 
The Functional Movement Screen 
The Functional Movement Screen (FMS) (Cook et al., 2006a; Cook, Burton, & 
Hoogenboom, 2006b) is a multicomponent musculoskeletal assessment tool developed to 
provide a clinically interpretable measure of ‘movement quality’ using visual assessment.  
Each of the seven test movements (Deep Squat, Hurdle Step, Inline Lunge, Shoulder 
Mobility, Active Straight-Leg Raise, Trunk Stability Push-up, Rotary Stability) are scored on 
a 4-point ordinal scale.  Three additional pain provocation ‘clearing tests’ (Shoulder 
Impingement, Spinal Extension, Spinal Flexion) (Cook et al., 2006a, 2006b) are intended to 
help identify body pain that might not otherwise be detected during performance of a test 
movement.  An overall composite score for the assessment can be calculated by adding each 
of the component scores. 
 
Inter- and intra-rater reliability in application of the FMS 
Issues related to inter- and intra-rater reliability in application of the FMS are addressed in a 
systematic review presented in Chapter 6. 
 
Strength of association between FMS ratings and injury 
Issues related to the strength of association between FMS scores and injury risk, and the 




12 Citation information retrieved from Google Scholar (https://scholar.google.co.nz/), 5 April 2020.  
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Content validity issues 
A potential weakness of the FMS is the extent to which the movement tasks included in the 
FMS system represent the movements observed within the various workout tasks within 
typical CrossFit workouts.  While this issue is not directly investigated in this thesis, there is 
a question as to whether other movement related tests may be more closely matched to the 
patterns of movement involved in CrossFit workouts.  Although a large number of movement 
assessment test batteries have been described in the sports science literature (Bennett et al., 
2017), none appear to have been developed with the intention of application within the 
functional fitness or CrossFit context.  Kelly Starrett, a San Francisco based physical 
therapist and CrossFit affiliated coach, has described a series of body ‘shapes’ that Starrett 
suggests are foundational to other more complex and dynamic movements such as activities 
of everyday life (e.g. vocational and recreational activities), and also more specialised and 
demanding tasks within the strength and conditioning movements employed in a typical 
CrossFit workout.  Starrett’s concepts are further outlined in the next section. 
 
Assessment of movement quality using ‘body archetypes’ approach 
Origination  
Sometime in the period 2010-2013, Kelly Starrett published to his YouTube channel 
(Mobility WOD, since rebranded to “The Ready State”) a series of short, self-produced 
instructional video recordings in which Starrett described a field-expedient ‘quick test’ of a 
movement task – these were referred to as ‘seven green lights’.  For each task, a user was 
invited to consider their ability to complete the task based on various criteria described in the 
video.  The term ‘green light’ was used to describe satisfactory performance, with the green 
light analogous to proceeding through a traffic signal (i.e. proceed ‘safely’ to strength and 
conditioning exercise), and an amber or red light representing unsatisfactory performance of 
the task, and a brief self-administered intervention prescribed (typically a self-mobilisation 
exercise). The goal of the video series (published over 14-days in a personal challenge 
format), was for a user to achieve ‘seven green lights’ – a state in which pre-requisite 
movement capabilities for more complex, dynamic, and loaded tasks could be attempted (e.g. 
Olympic lifts).  Although the video series was later made inaccessible to the public via 
YouTube, the video series appears to have been seminal in Starrett’s subsequent publication 




Description of archetype components 
Starrett (2013) describes seven archetypes, organised in two groups – Shoulder archetypes 
(Table 14), and Hip archetypes (Table 15).  There are four shoulder archetypes (overhead, 
press, hang, and front rack), although the front rack archetype has two ‘shapes’ (arms ‘out’ 
and ‘up’). There are three hip archetypes (squat, pistol, lunge), although the squat archetype 
has two ‘shapes’ (squat, and hip hinge). The term ‘shape’ refers to a characteristic body 
silhouette, of which there are nine in total. 
 
 
Table 14.  Illustrated descriptions of shoulder archetype concepts 
 Label Characteristic body 
silhouette or ‘shape’ 





Positioning of the arm overhead with full extension 
of the elbow is common in a variety of S&C 
activities including: barbell and dumbbell presses, 
Olympic lifts (snatch, clean and jerk and 
derivatives), gymnastic movements (hanging from a 




Positioning of the shoulder girdle during movements 
where the arm is reaching behind the body is 
represented by the press archetype.  Common S&C 
activities involving this archetype include press up, 




The Hang archetype is represented in movements 
where the arms are positioned at the side of the 
body.  This is observable during Olympic lift 
derivatives including ‘hang cleans’, cleans from the 





       
 
 
The Front Rack archetype is represented by two 
shapes: the ‘out’ shape, observable when resisting a 
force in front of the body e.g. pushing a heavy sled; 
and the ‘up’ shape which is recognisable as the 










Table 15.  Illustrated descriptions of hip archetype concepts 
 Label Characteristic body 
silhouette or ‘shape’ 
Connection with strength and conditioning (S&C) 
activities 




The Squat Archetype is characterised by hinging 
movements from the hip, and is expressed here as two 
shapes – the first is recognisable as a regular squat in 
which the skin crease of the hip is below the level of 
the knee, as observed in the requirements of both 
unloaded (e.g. “air squat”) and loaded (e.g. back/front 
squat) squats.  
The second shape (Hip hinge) is analogous to the 
squat, however, the knees are not flexed. The Hip 
Hinge shape is representative of movements 
involving reaching towards the floor (e.g. addressing 
a barbell at commencement of a deadlift), or reaching 
towards an object positioned on the floor (e.g. picking 









The Pistol Archetype (as illustrated) requires full 
dorsiflexion of the ankle, full flexion of the knee, and 
at near-full hip flexion. The ‘pistol’ archetype is the 
basic shape for the dynamic calisthenic movement 
often prescribed within CrossFit workouts. As an 
assessment of movement quality, the pistol appears 




The Lunge Archetype is an analogue for bipedal gait 
(e.g. running, weighted carry) and also contributes to 
movements involved in throwing (e.g. an implement), 
as well as punching/striking. The lunge is observable 
in many S&C movements including most obviously 
in the clean and jerk. 
 
 
Starrett (2013) describes two levels of application for the archetypes approach.  Firstly, a 
‘quick test’ can be applied in which an athlete assumes each of the shapes in response to 
demonstration and instruction.  If the shape is able to be demonstrated according to the 
requirements, then a more advanced assessment can be undertaken in which the shape can be 
made more difficult by addition of loading, for instance, by adding a weighted implement 
such as a dumbbell or kettlebell).  This more advanced administration of the concept is not 
described further here. 
 
Starrett describes general principles for assessment of each archetype and its associated 
shapes.  Starrett’s description was not intended for the purpose of research, and no scoring 
sheets or recording tools are published.  Therefore, for the purpose of the thesis, criteria for 
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assessment of each shape were based on Starrett’s description, and then rating criteria 
analogous to the FMS criteria (Cook et al., 2006a, 2006b) were developed for each shape 
(Appendix 2). 
 
In brief, for each of the nine shapes, a rater would assign a rating based firstly on the 
presence of pain reported by a participant undertaking the shape, and subsequently on the 
number of ‘faults’ identified by the rater during observation of the shape.  The presence of 
pain during demonstration of the shape would be rated as zero.  A rating of 1 would be 
assigned if a rater identifies >2 faults, a rating of 2 assigned if one fault was identified, and a 
rating of 3 assigned if no faults were identified. 
 
Description and identification of ‘faults’ during administration of the archetype tests 
For the purpose of the assessment described here, a ‘fault’ was defined as an observed breach 
of a movement principle described by Starrett (2013).  For each of the assessed shapes, 
common ‘faults’ have been described (Starrett, 2013), and although these are not intended to 
be definitive in scope, do represent those most commonly observed in clinical application.  A 
worksheet was drafted by the candidate for the purpose of recording body archetype 
assessments (Appendix 3). 
 
Quantification of archetypes assessment 
Starrett’s original description of the approach evaluated each pattern on a ‘yes’ (i.e. ‘green 
light’) or ‘no’ (‘red light’) categorical assessment approach.  For the purpose of the thesis, a 
quantitative assessment approach analogous to the ordinal system utilised in the FMS was 
adopted.  Employing the same ordinal structure to rating was intended to aid potential 
correlation between FMS and archetype assessments.  In addition, it was anticipated that 
users with training and experience in use of the FMS approach, would find it relatively easy 
to adapt to an analogous scoring approach. 
 
Limitations of body archetypes assessment 
The archetypes approach does not appear to have been subject to any previous formal 
investigation of measurement properties.  Thus, there is a complete absence of available 
literature from which to draw information about validity, or reliability.  The use of this 
system as a movement quality variable in the thesis should be considered exploratory in 
nature, and represents an attempt to employ tools derived from practice-based experience 
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within the CrossFit community, rather than tools that have attracted research attention, but 
are of less interest to practitioners in the field. 
 
Notwithstanding this major limitation in its use within the thesis, the archetypes system was 
adopted for three main reasons.  Firstly, the approach originated from an authority widely 
followed by those within CrossFit coaching community of practice (e.g. Showtime Networks 
Inc. ), and no other published movement assessment system (apart from the FMS) appears to 
have attracted attention amongst the community of CrossFit coaches.  Secondly, the 
archetypes approach appears to have strong face validity as represented by the various tests 
and their obvious expression within movement demands required of athletes undertaking 
CrossFit workouts.  Thirdly, the absence of any previous enquiry of the archetypes approach 
to movement quality assessment within the literature makes its use a potentially novel 




Section 2 Key outcomes 
• The Functional Movement Screen (FMS) is a widely utilised tool for assessment 
of movement quality and systematic reviews are available to inform knowledge of 
rater reliability and strength of association between movement quality and injury 
• The Body Archetypes Assessment (BAA) described by Starrett (2013) may 
provide movement quality information that is contextually relevant to CrossFit, 
but has not been previously utilised as a risk factor within studies investigating 








3. PREVIOUS INJURY AS A RISK FACTOR FOR SUBSEQUENT INJURY 
 
Rationale for investigation of previous injury as risk factor for subsequent injury in 
CrossFit 
As a risk factor of future injury, the role of previous injury has attracted ongoing research 
attention since the early work of Dvorak et al. (2000).  Since then, the collective evidence-
base has been dominated by interest in lower extremity injury, particularly of the knee and 
ankle (Fulton et al., 2014), with a particular emphasis on high-performance and professional 
football (soccer) (Arnason et al., 2004; Hägglund, Waldén, & Ekstrand, 2006; Kucera, 
Marshall, Kirkendall, Marchak, & Garrett, 2005; Toohey, Drew, Cook, Finch, & Gaida, 
2017; Walden, Hagglund, & Ekstrand, 2006). 
 
Outside the focus of football and lower extremity, there are fewer studies reporting 
subsequent injury13 risk for other body regions.  Based on the findings of the systematic and 
scoping reviews in Chapters 2 and 4, the shoulder is a region of particular interest within 
strength and conditioning generally, and CrossFit specifically.  Of the available studies 
involving the shoulder, the focus has been traumatic glenohumeral dislocation (e.g. Olds, 
Ellis, Donaldson, Parmar, and Kersten (2015)), and also overhead and throwing sports (Asker 
et al., 2018), swimming (Hill, Collins, & Posthumus, 2015), and water polo (Miller, Evans, 
Adams, Waddington, & Witchalls, 2018).  A search of the literature failed to identify any 
studies of subsequent injury risk in the context of strength and conditioning generally, or 
CrossFit specifically.  Given the unique demands of CrossFit (Butcher, Judd, Benko, Horvey, 
& Pshyk, 2015; Cazayoux & Debeliso, 2019; Jagim, Rader, Jones, & Oliver, 2017), there is a 
need for investigation of subsequent injury risk in this population.  
 
Challenges in defining terms for research in area of subsequent injury risk 
One of the difficulties in evaluating the literature investigating subsequent injury risk is the 
lack of consistent use of defined terms for key concepts in this area.  For example, as a risk 
factor for a new injury, the term ‘previous injury’ has been extensively used, however, it is 
 
13 Earlier literature in the period 2000-2010 used the term ‘previous injury’, but following the development of 
stronger theoretical frameworks (e.g. Hamilton, Meeuwisse, Emery, and Shrier (2011); Finch, Cook, Gabbe, and 
Orchard (2015)) the term ‘subsequent injury’ has gained prominence and will be used herein. 
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important to clarify the nature of the relationship between an index injury, and any other 
injury occurring at a later time.  Finch and Cook (2014) note that terminology has often been 
used interchangeably in the literature, with terms such as ‘repeat’, ‘recurrent’, and ‘multiple’ 
all being used to describe the situation where more than one injury occurrence is being 
analysed.  As Finch argues, these terms fail to differentiate between a second injury that is 
mechanistically connected to the index injury (described by Finch as “correlated injuries”), 
and injuries that share only a temporal association (e.g. a second, third,…nth injury that 
occurred, in time, after an index injury), but do not share a mechanistic connection. 
 
Development of stronger theoretical models for subsequent injury 
Major deficits in the terminology and categorisation processes used in earlier literature 
investigating the role of previous injury as a risk factor (e.g. Finch et al. (2015); Hamilton, 
Meeuwisse, Emery, and Shrier (2011)) have also been accompanied by cautions that such 
deficits may cause underreporting or overestimation of injury burden (e.g. Hamilton et al. 
(2012); Hamilton, Meeuwisse, Emery, Steele, and Shrier (2011)).  Biased estimates of injury 
burden are problematic because they are likely to interfere with allocating injury prevention 
resources and also erode the effectiveness of new and existing interventions. 
 
In response to these issues, operational definitions of subsequent injury terms have been 
published (Toohey et al., 2017), along with several conceptual papers intended to improve 
the quality of systematic enquiry in this area.  These include the Subsequent Injury 
Categorisation model (SIC) published in 2014 (Finch & Cook, 2014; Finch et al., 2015), and 
the Multistate Framework for the Analysis of Subsequent Injury in Sport, or ‘M-FASIS’ 
framework designed to aide researchers undertaking injury monitoring studies to distinguish 
between new injury events and exacerbations of previous injuries (i.e. a subsequent injury) 
(Shrier, Clarsen, Verhagen, Gordon, & Mellette, 2017; Shrier et al., 2016). 
 
Subsequent injury models intended for application to research involving injury 
registries 
It is evident on review of the seminal papers that the SIC and M-FASIS models were 
intended for application in research contexts where injury information is drawn from injury 
registries with each injury being registered and coded (Orchard et al., 2010) 
contemporaneously to the inciting event by an attending clinician.  Unfortunately, injury 
registries are not typically available for most community-level sports, and this is especially 
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true of CrossFit where injury studies are highly-reliant on participant self-reports.  Thus, the 
extent to which the SIC and M-FASIS can be adopted in a prospective, community-based, 
injury monitoring study may be limited because the SIC and M-FASIS models rely on 
medical consultation to provide judgements about the nature of an injury (i.e. injured tissue), 
and potential relatedness to an index injury.   
 
A subsequent injury model intended for application to data collected from athlete self-
report 
These practical difficulties in applying the SIC and M-FASIS models were recognised by von 
Rosen and Heijne (2017) who developed the Subsequent Injuries Adjusted for Self-reported 
data (SIAS) model.  Unlike the SIC (Finch & Cook, 2014), the SIAS model is not reliant on 
information about the nature of the injury, and is therefore independent of the need for 
clinical consultation, thus making it suitable for studies reliant on participant self-report.  A 
further advantage is that subsequent injury categorisation using the SIAS model is consistent 
with the terminology and self-report item of the OSTRC Overuse Injury Questionnaire 
(Clarsen et al., 2013), which has been widely adopted in injury studies relying on self-report.  
The SIC model aligns well with increasing demand for the use of self-report injury data as 
signalled in a prominent consensus statement on methodological issues in injury research 
(Timpka et al., 2014). 
 
In brief, von Rosen and Heijne (2017) define nine categories within the SIAS model (Figure 
12), each category being defined by type (recurrent/new), onset (sudden/gradual), and the 





Figure 12.  Subsequent Injuries Adjusted for Self-reported data (SIAS) model for categorisation of subsequent injuries (Figure redrawn and adapted from von Rosen and 
Heijne (2017) with addition of colour coding and substitution of ‘acute’ in place of ‘sudden’ onset for consistency across thesis).  A subsequent injury is categorised into 
Recurrent (light grey shaded rectangle), or New Injury (dark grey shaded rectangle) and then further subdivided on the basis of onset (acute = darker blue shading; or gradual 
= lighter blue shading); and also by state of recovery of the index injury at the time of subsequent injury (fully recovered = green shaded circle; or not fully recovered = white 
circle).  Combining each level results in nine possible categories of subsequent injury, labelled here as SIAS 2 to SIAS 9. Note that SIAS 1 is the index injury and is therefore 
by definition, not a subsequent injury (and hence not shown). 
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Operational injury definitions for adoption alongside the SIAS model 
Application of the SIAS model relies on adopting operational definitions for ‘subsequent 
injury’, ‘recurrent injury’, ‘new injury’, and recovery status (Table 16).  Importantly, injury 
definitions operationalised by von Rosen and Heijne (2017) are consistent with well-
established definitions offered by Hamilton, Meeuwisse, Emery, and Shrier (2011) for 
subsequent injury, and recurrent injury as defined by Fuller et al. (2006).  Moore, Mount, 
Mathema, and Ranson (2018) have demonstrated at least moderate inter-rater agreement for 
clinicians applying the model (kappa > 0.60) in rugby union and cricket. 
 
Table 16.  Operational injury definitions for application within the SIAS model (after von Rosen, 2017) 
Subsequent injury An injury that occurs after the first injury, regardless of the location or type 
Recurrent injury An injury in the same body site as a previous injury 
New injury A subsequent injury not in the same body site as a previous injury 
Not fully recovered Athlete reporting after occurrence of new injury, less than 4 weeks in a row, of 
less than14 full participation in normal training or competition, with reduced 
training volume, experience of pain or reduced performance, due to previous 
injury. 
Fully recovered Athlete reporting for at least 4 weeks in a row with full participation in normal 
training or competition, with no results of reduced training volume, experience 
of pain or reduced performance, due to previous injury. 
 
 
Determining recovery status for application within the SIAS model 
To determine recovery status, von Rosen and Heijne (2017) adopted a pragmatic approach 
consistent with the recommendations of Clarsen et al. (2013).  In this approach, the extent of 
recovery is determined by the key questions of the OSTRC Questionnaire, i.e. the extent of 
reduction in sports participation, training volume, performance reduction, and pain 
experience, all over a four week recall period.  While alignment with the OSTRC 
questionnaire is particularly convenient if the OSTRC questionnaire is being utilised, the four 
week recall period may fail to capture incomplete recovery persistent beyond this timeframe 
 
14 Note that the operational definition text here has been modified from that of the original article which 
contained an error.  The error has not been corrected by the publisher, however, the words less than have been 
added here so as to make best logical sense of the definition offered by von Rosen and Heijne (2017). 
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because of injury masking by activity substitution15, and is also prone to recall bias.  In light 
of these issues, an alternative approach to determining the extent of recovery for previous 
injury would be to capture an athlete’s perceived extent of recovery from an injury using a 
simple numeric scale.  To achieve this, one suitable tool may be the ‘single assessment 
numerical evaluation’ (SANE) item.   
 
Single Assessment Numerical Evaluation or ‘SANE’ to determine recovery 
Potential advantages of the SANE 
As an alternative approach to the method of von Rosen and Heijne (2017), here, the use of a 
single numeric rating of self-perceived recovery is proposed to determine the extent of 
recovery in the form of the single assessment numeric evaluation, or ‘SANE’ (Williams, 
Gangel, Arciero, Uhorchak, & Taylor, 1999).  The phrasing for the SANE item as slightly 
modified16 from the version first employed by Williams et al. (1999) is shown below.  The 
item could be administered as a verbal rating scale where a respondent provides a value 
between 0 and 100 in whole numbers, or, could also be administered in the form of a visual 
analogue scale. 
 
As of today, how would you rate the recovery of your [insert body region 
that is the subject of the injury problem] as a percentage where 0% is ‘not 
at all recovered’ and 100% is ‘fully recovered’? 
 
Although not previously utilised within sports injury monitoring research, application of the 
SANE may offer several advantages.  Firstly, use of the SANE for assessment of recovery is 
not reliant on the availability of OSTRC questionnaire data (participation, training volume, 
pain), and is also not subject to recall bias.  Secondly, a single numerical value is continuous-
type data, thus conferring advantages in statistical flexibility.  Thirdly, the simplicity and low 
administrative burden of a single item question may be attractive for practical 
implementation in the field by coaches and clinicians, but also provide information useful for 
injury researchers when adopting the SIAS model of subsequent injury categorisation. 
  
 
15 ‘Injury masking by activity substitution’ is a concept proposed here that aligns with the findings of pilot work 
(Chapter 8) and other anecdotal evidence from interaction with CrossFit athletes.  
16 The original phrasing of Williams et al. (1999) was: “How would you rate your shoulder today as a 
percentage of normal (0% to 100% scale with 100% being normal)?” 
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SANE used extensively in shoulder post-surgical recovery but not in non-surgical sports 
injury 
Williams et al. (1999) originated use of the SANE to quantify the extent of recovery 
following orthopaedic surgery of the shoulder.  Subsequently, the SANE has been 
extensively utilised as a patient reported outcome measure for orthopaedic surgical outcomes, 
particularly of the shoulder, elbow, knee, and other body regions (Table 17).  Although the 
seminal article on the SANE (Williams et al., 1999) has attracted more than 270 citations 
since 1999 (reviewed 15 January 2020 in Scopus, Elsevier B.V.), 75% of these (n~203) relate 
to surgical outcomes measurement, and only three articles in the sports medicine literature, 
all related to return-to-sport (Dickens et al., 2014; Steinhaus et al., 2016; Webster & Feller, 
2018). 
 
A brief overview of measurement properties for the SANE 
Measurement tools for health assessment should possess satisfactory measurement properties.  
More specifically, various aspects related to validity, reliability, and interpretability should be 
demonstrated.  Terwee et al. (2007) have proposed operational definitions and quality criteria 
for health-related measurement properties.  To present an evidence-base in support of the 
satisfactory measurement properties of the SANE, a non-systematic review of the literature 
was conducted by the candidate on 15 April 2020 using search of the PubMed database 
(National Institutes of Health, USA).  Concurrently, citation tracking of Williams et al. 
(1999) was undertaken using Scopus (Elsevier, B.V.) to identify other relevant studies.  A 
summary of findings is displayed in Table 17. 
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Table 17.  Summary of investigations reporting measurement properties for the Single Assessment Numerical Evaluation (SANE) 
Measurement Property Reference Context Conclusion 
Content validitya Whittle, Peters, Manzanero, and Duke 
(2020) 
Shoulder instability Assesses all core domains 
Criterion validityb Garcia, Cook, Lutz, and Thigpen 
(2019) 
Low back, knee, shoulder, neck, 
lower extremity rehabilitation 
‘Acceptable’ concurrent validity 
 Thigpen et al. (2018) Shoulder surgery or physical therapy ‘Good’ concurrent validity  
 (O'Connor & Ring, 2019) Shoulder, knee, ankle Moderate correlations, acceptable concurrent 
validity 
 O'Halloran, Wright, and Cook (2013) Shoulder impingement – 
rehabilitation 
Distinguishes between “recovered” and “improved” 
 Wright and Cook (2013) Low back rehabilitation Moderate correlation with multi-item PROMS 
 Torchia et al. (2020) Hip surgery Compares favourably to other multi-item PROMS 
 Cunningham, Ladermann, Denard, 
Kherad, and Burkhart (2015) 
Shoulder surgery Moderate to high correlation with multi-item 
PROMS 
 Austin et al. (2019) Knee surgery Comparable to multi-item PROMS 
 Retzky, Baker, Hannan, and 
Srikumaran (2020) 
Shoulder surgery Strong correlations with multi-item PROMS 
 Sueyoshi, Emoto, and Yato (2018) Knee surgery Moderate correlation with multi-item PROMS 
 Winterstein, McGuine, Carr, and 
Hetzel (2013) 
Knee surgery Moderate to high correlation with multi-item 
PROMS 
Construct validityc Lau, Scribani, Lassiter, and Wittstein 
(2019) 
Hip surgery Moderate to strong correlations 
Reliabilityd Thigpen et al. (2018) Shoulder surgery or physical therapy ‘Good’ reliability (ICC>0.8) 
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Responsivenesse Thigpen et al. (2018) Shoulder surgery or physical therapy Comparable responsiveness to multi-question 
PROMS 
Floor and ceiling effectsf Thigpen et al. (2018) Shoulder surgery or physical therapy ‘Acceptable’ 
Interpretabilityg Thigpen et al. (2018) Shoulder surgery or physical therapy MCID ~15% over range of shoulder condition 
 Winterstein et al. (2013) Knee surgery MCID ~7% 6-month follow-up, 19% at 12-months 
 
Notes: Internal consistency not included because of single item nature of SANE. PROMS = patient reported outcome measures.  Definitions for measurement 
properties are those of Terwee et al. (2007): a = The extent to which the domain of interest is comprehensively sampled by the items in the questionnaire; b = The 
extent to which scores on a particular questionnaire relate to a gold standard; c = The extent to which scores on a particular questionnaire relate to other measures in a 
manner that is consistent with theoretically derived hypotheses concerning the concepts that are being measured; d = The extent to which the scores on repeated 
measures are close to each other (absolute measurement error); e = The ability of a questionnaire to detect clinically important changes over time; f = The number of 
respondents who achieved the lowest or highest possible score; g = The degree to which one can assign qualitative meaning to quantitative scores 
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Selection of the SANE to aide in categorising subsequent injury using the SIAS model 
Despite acceptable measurement properties (Table 17), and widespread use in the 
field of orthopaedic surgery, the SANE does not appear to have been utilised in any 
previous research involving sports injury monitoring.  Therefore, selection of the 
SANE to evaluate recovery from injury and applying this information into the process 
of categorising subsequent injury using the SIAS model may be novel in the sports 
injury prevention research context. 
 
As proposed by von Rosen and Heijne (2017) the definitions of “not fully recovered” 
and “fully recovered” (Table 16) rely on the OSTRC methods of Clarsen et al. (2013).  
However, substituting the SANE in place of the OSTRC methods of determining 
recovery requires modification of the operational definitions for recovery, and these 
are shown in Table 18 below. 
 
 
Table 18.  Modified operational definitions for recovery within the SIAS model of von Rosen and 
Heijne (2017) based on administration of SANE item 
 Operational definitions of Philip von 
Rosen and Heijne (2017) 
Modified operational definitions based 
on use of the SANE 
Not fully 
recovered 
“Athlete reporting after occurrence of 
‘new injury’, less than 4 weeks in a row, 
of less than17 full participation in normal 
training or competition, with reduced 
training volume, experience of pain or 
reduced performance, due to previous 
injury.” 
Athlete reporting after occurrence of a 
new injury where the SANE score for 
the previous injury is ≤ 95 out of 100. 
Fully 
recovered 
“Athlete reporting for at least 4 weeks in 
a row with full participation in normal 
training or competition, with no results 
of reduced training volume, experience 
of pain or reduced performance, due to 
‘previous injury’.” 
Athlete reporting after occurrence of a 
new injury where the SANE score for 
the previous injury is > 95 out of 100. 




17 Note that the operational definition text here has been modified from that of the original article 
which contained an error.  The error has not been corrected by the publisher, however, the words less 






Section 3 Key outcomes 
• Previous injury is a risk factor that has attracted little research attention in 
the context of strength and conditioning generally, or CrossFit 
specifically 
• The Subsequent Injuries Adjusted for Self-reported data (SIAS) 
model is not reliant on information about the nature of the injury, and is 
therefore independent of the need for clinical consultation, thus making it 
suitable for studies reliant on participant self-report. 
• Implementation of the SIAS model requires knowledge of the extent of 
recovery. The Oslo Sports Trauma Centre (OSTRC) questionnaire could 
provide information about extent of recovery, but is dependent on 
reductions in participation, volume, and performance that may be masked 
by activity substitution within the context of CrossFit. 
• The Single Assessment Numerical Evaluation (SANE) may be a useful 
alternative to indicate extent of recovery, but has not previously been 








4. PRACTICAL ISSUES RELATING TO DATA SOURCES AND 
MANAGEMENT 
 
Athlete management software systems 
Many studies reporting sports injury epidemiology have been conducted settings 
where injury data are routinely recorded using daily reporting of athlete health status. 
For example, in elite and high-performance sports settings (e.g. professional team 
sports, national training centres, elite high school and university sport) athletes have 
near daily interaction with coaches and sports medicine staff.  In these settings, the 
occurrence of an injury event is typically identified and documented using existing 
protocols including daily athlete status reports.  Any consultation with team medical 
providers generates a medical consultation record within a database.  Such databases 
can, with the appropriate access privileges (i.e. ethical and organisational approval), 
provide high-quality datasets for research interrogation.  
 
Increasingly, many high-performance sports organisations (e.g. professional team 
sports, national training centres, elite collegiate sport) employ ‘athlete management 
software systems’ that capture athlete generated self-reports of subjective health and 
wellness information (e.g. perceived readiness to train), along with objective 
information such as heart rate variability indices (e.g. Schneider et al. (2018)), and 
various forms of training-load data (e.g. Sands, Kavanaugh, Murray, McNeal, and 
Jemni (2017)), including various wearable sensor technologies such as global 
positioning satellite (GPS) devices, inertial sensors, and physiological sensors (e.g. 
heart-rate, temperature) (Borresen & Lambert, 2009; Cardinale & Varley, 2017).  
These systems may also integrate with other coaching and medical software platforms 
generating large, ‘rich’ databases across multiple domains.  Such databases can, with 
the appropriate access privileges (i.e. ethics and organisational approval), provide 
large, high-quality datasets for research interrogation.  
 
Athlete management systems have become powerful tools, and can be used to 
dynamically manage the daily training prescription for individual athletes. For 
example, an athlete completing an ‘on waking’ status report using their personal 
mobile device, may trigger an alert for clinical or coaching staff to enable 
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personalised training prescription according to athlete status (Ward, Coutts, Pruna, & 
McCall, 2018). 
 
The routine use of these systems in elite sport can generate large datasets that can be 
retrospectively interrogated by sports injury researchers, or used to prospectively 
collect data to address research questions related to injury epidemiology (and other 
research fields – especially coaching).  These types of data collection techniques have 
been widely utilized in sports injury research in elite sport, with a large number of 
studies in recent years reporting investigations into the relationship between injury 
and other variables collected using these technologies (e.g. systematic reviews Drew 
and Finch (2016); Eckard, Padua, Hearn, Pexa, and Frank (2018); Johnston, Cahalan, 
O'Keeffe, O'Sullivan, and Comyns (2018)).  However, researchers attempting to study 
individual athletes, and those who train and compete outside a centralized team 
structure have reported challenges when using these methods (Jacobsson et al., 2010).  
Documenting overuse injuries in athletes who are operating outside of team structures 
has been a particular challenge, and Bahr (2009) have highlighted the need for 
development of injury surveillance methods that more accurately account for overuse 
injuries, and that account for the presence of symptoms (primarily pain), rather than 
time-loss from participation.  
 
Possible use of commercially available athlete management systems 
At the time of preliminary planning for the thesis topic, web-based subscription 
platforms (e.g. Metrifit®, Health and Sport Technologies Ltd, Millgrange, Ireland) 
were emerging in the commercial market and so consideration of possible use was 
entertained, but ultimately ruled out for three main reasons including: 1) limited 
access to funding to subscriptions, 2) uncertainty about whether the commercially 
available systems at the time were appropriate for application in the population of 
recreational CrossFit participants (compared to the high-performance/elite team sport 
contexts for which these systems were targeted); and 3) limitations in the ability to 
control the nature and type of collected information which was determined by the 
software vendor.   
 
For these reasons, it was concluded that a lower technology solution for monitoring 
athlete status would be required.  Although a low technology solution inevitably 
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requires greater manual processing of raw data, it also affords a greater level of 
control over the nature, type, and timing of information collection and can be 
accommodated within a modest budget. 
 
Requirements for monitoring injury and illness 
 
There were three main requirements for monitoring injury and illness information 
amongst the intended study participants, these were: 
 
1. A tool for collecting injury and illness information 
2. A tool for collecting information related to CrossFit participation (including 
workout duration, workout intensity, sessions per week) 
3. A web-based application for managing the administration of the injury and 
illness tool, and the CrossFit participation tool.  
 
Evaluation and selection of tools for collection of injury and illness information  
As early as 1997, van Mechelen et al argued that sports injury surveillance systems 
implemented within prospective observational studies aiming to study the aetiology of 
sports injuries need to be “tailored to the specific sport [i.e. CrossFit], situation [i.e. 
recreational athletes], and research question [i.e. aetiology and epidemiology]” (van 
Mechelen, 1997).  Thus, an evaluation of the necessary parameters reasoned to be 
required for an injury reporting tool appropriate for this thesis was undertaken and the 






















































































































1. Appropriate for independent athlete self-report 
       
2. Whole body – covers wide range body regions 
       
3. Plain language? (no ‘coding’ required, non-technical 
language)        
4. Could be delivered online? 
       
5. Validity? – face validity at minimum 
       
6. Reliability? 
       
7. Manage reports of multiple injuries? 
       
8. Aligned with current injury definitions and severity? 
       
9. Application for general sport? (c.f. specific sport) 
       
10.  Intended for overuse injury? (c.f. trauma) 
       
11.  Designed for athlete self-administration? 
       
Notes:  
 = yes, suitable;  = unclear from available literature,  = no, unsuitable;  Abbreviations: CISIR = Canadian Intercollegiate Sport Injury Registry, NCAAISR = National 
Collegiate Athletic Association Injury Surveillance System, IOC = International Olympic Committee, OSTRC = Oslo Sports Trauma Research Centre, c.f. = compared with 
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Use of the Oslo Sports Trauma Research Centre (OSTRC) questionnaire for 
monitoring injury  
Based on the evaluation shown in Table 19, the OSTRC questionnaire for overuse 
injury (Clarsen et al., 2013), was identified as the most appropriate and contemporary 
injury surveillance tool for application in this thesis.  Further review of the OSTRC 
questionnaire identified four features that were attractive for application within the 
context of this thesis, these were: 1) Capture of severity information, 2) Use of injury 
nomenclature, 3) Inclusion of both injury and illness information; and 4) Ability to 
modify the OSTRC questionnaire items to better match the CrossFit context.  Each is 
discussed below: 
 
Capture of severity information 
One particularly attractive feature of the OSTRC questionnaire that is not 
satisfactorily addressed by recording methods employing time-loss injury definitions 
is capturing the extent to which participation in training or competition has been 
impacted by illness or injury.  Clarsen et al. (2013) describe this as ‘severity’ 
suggesting that quantification of severity can provide an objective measure of injury 
consequence.  The quantification of severity was of particular interest within the 
thesis, because given the anecdotal observations during the planning phases that time-
loss injury may not be common amongst CrossFit participants, and the use of injury 
surveillance methods based on time-loss injury definitions would be likely to 
underestimate injury burden.  
 
Nomenclature related to injury 
In designing the OSTRC questionnaire, Clarsen et al. (2013) opted to use the term 
‘problem’ rather than ‘injury’ because of their perception of considerable variation 
between individual athlete’s interpretation of what constitutes an ‘injury’.  Such 
differences between athletes may lead to bias in estimates of injury prevalence and 
incidence.  In contrast, use of the term ‘problem’ may be a lower-threshold trigger for 
an athlete to report, and may thus provide greater sensitivity in collecting injury status 
information.  Subsequent to a ‘problem’ being reported, this approach requires a 
researcher to review report details in order to establish whether the case definition of 
‘injury’ has been satisfied.  Two additional advantages in using the ‘problem’ 
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nomenclature were apparent.  Firstly, background conversations with CrossFit 
athletes suggested that continuing to participate with ‘niggles’ or ‘minor problems’ 
was common, but such issues were not considered as injuries. The term ‘problem’ 
would incorporate these issues, whereas, the term ‘injury’ was likely to exclude these, 
and result in under-reporting.  Secondly, at the time of study design, the author 
perceived a sensitivity amongst the CrossFit coaching community to ‘injury’ 
generally, probably in response to a number of negatively framed articles in the media 
(e.g. Greeley (2014), Davis (2013).  As a result, the author considered the term 
‘problem’ was probably less emotive, and also less likely to invoke undue negative 
perceptions of the study. 
 
Collection of illness information 
In addition to injury, the OSTRC questionnaire has also been extended to record 
illness and health problems (Clarsen et al., 2014).  Concurrent monitoring of both 
illness and injury has become more prevalent in the recent sports medicine literature, 
perhaps as a result of contemporary models of injury aetiology taking a broader 
perspective on injury aetiology (e.g. Maffetone and Laursen (2015), Windt and 
Gabbett (2016)).  These models recognise that impaired general health status may 
function as both an injury risk factor (i.e. impaired health status ‘causing’ elevated 
injury risk); and as an outcome of poorly regulated workload (i.e. workload 
dysregulation ‘causing’ both elevated injury risk, and impaired health status (Jones, 
Griffiths, & Mellalieu, 2016)).  Alongside injury, monitoring illness is important for 
at least three reasons (Schwellnus et al., 2016). Firstly, illness may reflect 
immunological compromise associated with inappropriate training and competition 
workloads (recognised as overtraining syndrome) (Meeusen et al., 2013).  Secondly, 
illness accounts for a substantial amount of lost training time, and reduced 
performance in competition (Raysmith & Drew, 2016).  Thirdly, acute illness elevates 
the risk of serious health complications during high-intensity exercise (Friman & 
Wesslen, 2000).  Selection of the OSTRC affords an opportunity to consider health 





Modification of OSTRC items 
The OSTRC structure is based on four items, each taking the form of a question.  
These items are amenable to modification with simple syntax changes.  It was felt that 
item modification would benefit the ecological validity of the OSTRC for application 
in the CrossFit context without degrading previously established validity or reliability 
(Clarsen et al., 2013).  The four key questions could also be applied to as many body 
regions of interest as necessary.  For each body region of interest, the four key 
questions are repeated along with some explanatory text intended to clarify key terms 
for each region. In the seminal development papers (Clarsen et al., 2013; Clarsen et 
al., 2014), explanatory text was only published for knee, shoulder, low back regions.  
Based on the findings of Chapter 4, it was necessary to extend the number of 
anatomical regions of interest to include a wider range. 
 
Managing the administration of OSTRC questionnaire and collecting workload 
and participation information 
 
Administration of weekly reporting using software applications 
To administer the OSTRC questionnaire at regular intervals during a longitudinal 
monitoring study, a data management tool is necessary.  While it is possible to deploy 
a ‘mash-up’ of conventional email along with web-based survey applications (e.g. 
SurveyMonkey, CA), more robust research specific tools offer advantages in data 
security, professionalism, and automation features.  The REDCap® application 
(‘Research Electronic Data Collection’) is a web-based application designed to 
manage surveys and other forms of research information. The platform was initially 
developed in 2004 by a group at Vanderbilt University (Harris et al., 2009), and was 
designed as a secure application that would enable compliance with privacy and 
health information legislation (Bowman & Maxwell, 2018).  A consortium of user 
organisations was formed in 2006, (Harris et al., 2019) and has become widely 
adopted with more than 3800 institutions using the platform in more than 130 
countries and more than 1.2 million registered users (Vanderbilt-University., 2018). 
 
As a web-based application primarily designed for use in clinical research studies, 
REDCap is well suited to collecting information from participants during longitudinal 
research designs.  Other features that were particularly attractive for application in the 
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thesis were platform security and data privacy (thus satisfying local ethics 
conditions), a well-established track record of use in published studies in health and 
medicine18, and a user interface for research participants and investigators that was 
designed for use on both mobile and desktop platforms.  A good-quality mobile 
interface (i.e. cell phone and tablet devices) was considered important as anecdotal 
evidence points to increasing use of mobile in research studies compared to desktop, 
with poor user experience (e.g. slow serving pages, incorrectly rendering pages on 
small screens etc) being a possible contributor to non-compliance and possible 
participant drop-out. 
 
In designing a longitudinal study with multiple points of data collection involving 
participant self-reports, it was critical that the application was able to schedule email 
invitations to participants including links to questionnaires and provide management 
tools to enable email generation at pre-scheduled points that could be scheduled based 
on time (e.g. send an email to a specific enrolled participant at a specific time each 
week), or triggered by another action or event (e.g. send a reminder email when an 
enrolled participant does not submit a self-report questionnaire by a certain time).  In 
addition, REDCap included several tools for rapid review of participant 
responsiveness (e.g. completion on time, late completion, non-completion).  REDCap 
had extensive and mature functionality designed and for this purpose. 
 
A challenge for researchers undertaking longitudinal studies that require multiple 
points of data collection is promoting the formation of patterns of behaviour amongst 
participants in reporting study requirements.  In other words, the establishment of a 
habit of study task completion by a participant (e.g. completing a weekly injury and 
illness report) is highly desirable, as this will enhance compliance/adherence and 
ensure that sufficient data is available to limit risk of bias caused incomplete data sets.  
For the purpose of conducting a longitudinal study over a 26-week period (Chapter 9) 
of monitoring with weekly reporting, the development of a ‘habit’ of reporting was 
considered highly desirable.   
 
 
18 As of 8 April 2020, there were more than 13,000 citations of the seminal REDCap paper (Harris et 
al., 2009) (Source: Google Scholar) 
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Printed logbook 
While web-based data collection offers potential advantages in logistical and resource 
efficiency, a potential weakness lies in the non-tangible nature of online data 
collection.  For example, paper-based data collection forms can function as a physical 
‘cue’ for a participant to complete the reporting task – an advantage that email, 
particularly auto-generated email, does not offer.  In the behaviour change literature, 
it is well established that the use of physical cues can promote habit formation (Lally 
& Gardner, 2013).  With this in mind, it was determined that in parallel to online data 
collection, a paper-based logbook should be provided to each participant so that sRPE 
information could be collected within 30-minutes of workout completion as 
recommended by (Foster et al., 2001).  Use of a logbook for daily post-workout sRPE 
recording would reduce the number of email reminders to once per week to avoid 
habituation associated with excessive auto-generated email reminders (Muench & 
Baumel, 2017).  A logbook of daily activity can serve as a memory aid in completion 





Section 4 Key outcomes 
• The OSTRC questionnaire for overuse injury (Clarsen et al., 2013), was 
identified as the most appropriate and contemporary injury surveillance 
tool for application in this thesis 
• The REDCap® application (‘Research Electronic Data Collection’) was 
selected as an appropriate tool to manage longitudinal data collection  
• a paper-based logbook should be provided to participants to provide 
contemporary recording of sRPE information within 30-minutes of 







Chapter 5 – Summary points  
• Concepts related to workload and its derivation using session-RPE were 
critically discussed including the suitability of session-RPE for application 
in the context of sport generally, and CrossFit specifically 
• Two movement quality indices: the FMS, and the archetypes approach were 
critically discussed 
• The injury risk factor of ‘subsequent injury’ was examined and three 
methodological approaches for categorisation of subsequent injury 
considered (SIC, M-FASIS, SIAS) 
• Subsequent Injuries Adjusted for Self-reported data (SIAS) model was 
identified as being most appropriate for community-based CrossFit 
participants 
• The Single Assessment Numerical Evaluation (SANE) was proposed as a 
method to evaluate the extent of recovery from injury for use in the SIAS 
model 
• Measurement properties of the SANE were briefly reviewed 
• Key requirements for monitoring of self-reported injury and illness were 
identified 
• Evaluation of available tools for injury reporting lead to the selection of the 
OSTRC 
• The OSTRC questionnaire items were modified to improve ecological 
validity within the study context 
• Methods of collecting information related to participation in CrossFit 






Systematic review of studies investigating inter and intra-rater 








This chapter reports a systematic review of rater reliability for scores derived from the 
Functional Movement Screen (FMS) and used to reflect ‘movement quality’.  Within 
the overall structure of the thesis, this chapter articulates directly with Section 2 of 
Chapter 5.  In addition, it should be noted that movement quality (as measured by the 
FMS) is later incorporated as a variable in the prospective observational cohort study 
of CrossFit participants reported in Chapter 9.  The systematic review of this chapter 
addresses rater-reliability, and an analogous systematic review reported in Chapter 7 
focused on validity in the form of strength of association between composite FMS 
score and injury. 
 
The investigation reported here was initially prepared as a manuscript and published 
in the British Journal of Sports Medicine (Moran et al., 2017).  The literature search 
was current to 4 February 2015, therefore, studies meeting the eligibility criteria 
published after this date were not included in the synthesis presented here.  A brief 
Addendum is presented following the main chapter to provide an update on reliability 




The purpose of screening in sports injury prevention is to identify the presence of risk 
factors that may predispose a person to injury and require further, more detailed, 
assessment.  Screening is therefore of particular interest to injury researchers (Hayen, 
Dennis, & Finch, 2007), physical therapists, coaches, strength and conditioning 
specialists, and sports medicine practitioners (McCall et al., 2015; McCall et al., 
2014).  The Functional Movement Screen (FMS) as described by Cook et al (Cook et 
al., 2006a, 2006b) is a movement screening test battery intended to provide a 
clinically interpretable measure of ‘movement quality’ (McGill, Frost, Andersen, 
Crosby, & Gardiner, 2013; McGill, Frost, Lam, et al., 2013; Whatman, Hing, & 
Hume, 2012), using visual assessment of seven active movement tasks and three 
clearing tests using standardised scoring criteria. 
 
The FMS is one of several movement test batteries that purport to assess movement 
patterns using visual observation (Frohm et al., 2012; Reid et al., 2015; Smith et al., 
2012; Tarara et al., 2014; Whatman et al., 2012).  The FMS appears to be gaining 
international acceptance as an injury risk screening measure, and has also been 
incorporated into other screening batteries (Frohm et al., 2012).  Formal data about 
the extent to which the FMS is utilised by practitioners in injury prevention programs 
is sparse, however, one recent survey of international professional football (soccer) 
clubs identified the FMS as the test most commonly used to identify injury risk 
(McCall et al., 2014).  To date, there is emergent evidence from cohort studies for the 
association between FMS scores and injury risk in several populations including 
American football players (Kiesel, Plisky, & Butler, 2011; Kiesel, Plisky, & Voight, 
2007), university athletes (Chorba, Chorba, Bouillon, Overmyer, & Landis, 2010), 
military personnel (Lisman, O'Connor, Deuster, & Knapik, 2013; O'Connor, Deuster, 
Davis, Pappas, & Knapik, 2011), and firefighters (Butler et al., 2013).  However, the 
use of FMS as a predictor variable in studies of injury risk, or for clinical use, should 
be predicated on acceptable psychometric properties.  For any given clinical measure, 
the limits of validity are constrained by reliability (Zumbo, 2007), therefore, 
reliability is a pre-requisite requirement for both research and clinical application 
(Davidson & Keating, 2014).  In particular, for field-expedient measures such as the 
FMS battery that are often administered by different raters and at different time-
points, it is necessary to demonstrate acceptable reliability both within, and between 
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raters, as well as within and between sessions (Hayen et al., 2007).  To date there has 
been no systematic evaluation of the overall quality of these studies, so that clinicians 
and researchers can make informed decisions about potential use.  Therefore, the aim 
of this systematic review was to critically appraise and summarise research 




A systematic review of the literature was undertaken taking into consideration the 
reporting requirements of the PRISMA Statement (Moher, Liberati, Tetzlaff, & 
Altman, 2009).  The focus of the review was on the reliability of scores obtained by 
visual ratings of movement quality using the FMS battery as described by Cook et al 
(Cook et al., 2006a, 2006b).  The battery consists of seven test movements (Deep 
Squat, Hurdle-step, In-line Lunge, Shoulder Mobility, Active Straight-leg Raise, 
Trunk Stability Push-up, Rotary Stability) and three additional pain provocation 
‘clearing tests’ (Shoulder Impingement, Spinal Extension, Spinal Flexion) (Cook et 
al., 2006a, 2006b). 
 
Search strategy  
The search strategy and syntax (see Figure 13) were developed in consultation with a 
specialist librarian with an initial search undertaken on 1 December 2013 and 
repeated at regular intervals until 4 February 2015.  The reference lists of retrieved 
full-text articles were hand-searched, and the citation history of each full-text article 





Figure 13.  PRISMA flow diagram of search strategy and study selection. 
 
Selection criteria 
One reviewer (RM) conducted all database searches and undertook preliminary 
screening of search results based on article title and abstract. All articles that made 
reference to “functional movement screen*” or “FMS” in the title or abstract were 
saved using reference management software and duplicates removed.  Titles and 
abstracts of each identified article were independently considered by two reviewers 
(RM and KM) and a composite list of articles that satisfied the following eligibility 
criteria was compiled: (1) the primary aim was to investigate inter or intra-rater 
reliability of the FMS, (2) reliability data were derived from visual assessment of live 
or video recordings; and (3) article was published in English. There were no limits 
imposed on vocation, academic or professional qualifications, or level of clinical 
experience of raters; or on the characteristics of the subject sample.  The full-text of 
each article was retrieved and then independently reviewed by two reviewers (RM 
and AS) using the same criteria.  Articles that met all three criteria were selected for 
quality appraisal.  A third reviewer (SJS) was available to resolve disagreement about 
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eligibility or selection.  Reliability data reported in conference abstracts, or in 
methods sections of studies in which reliability was not the primary aim, were not 
eligible for appraisal because of the high-likelihood of insufficient methodological 
detail being available to permit robust appraisal. 
 
Quality assessment 
Assessment for risk of bias was undertaken using the Quality Appraisal for Reliability 
Studies (QAREL) checklist (Lucas et al., 2010).  The 11-item QAREL checklist has 
previously demonstrated good test-retest reliability (Lucas et al., 2013), and has been 
used in recent systematic reviews of rater-reliability (Barrett, McCreesh, & Lewis, 
2014; Carlsson & Rasmussen-Barr, 2013; McCreesh, Crotty, & Lewis, 2015).  Each 
QAREL item is equally weighted and scored as ‘Yes’, ‘No’, or ‘Unclear’.  Before 
appraisal commenced, each QAREL item was operationally defined within the 
context of the FMS (see Appendix 4). 
 
Two reviewers (RM and KM) piloted the QAREL extraction template and checklist 
and discussed how each item would be interpreted based on the operational 
definitions.  One QAREL item (Item 5 ‘blinding to results of accepted reference 
standard’) was excluded from appraisal because an accepted reference standard for 
the FMS does not exist.  Reviewers met to compare findings after independently 
appraising batches of 1 to 3 articles.  Disagreements in scoring between reviewers 
were resolved by consensus following further consideration of the operational 
definitions.  A third reviewer (AS) was available to resolve disagreement about 
eligibility or selection.  
 
Data analysis 
Summary statistics for reliability of scores obtained from FMS ratings were extracted 
from appraised studies at two levels: a) coefficients of agreement (kappa (k) or 
similar chance-corrected statistic) for categorical data (4-point ordinal scale: 0 to 3 for 
each of the seven FMS sub-tests; and b) coefficients of agreement (intraclass 
correlation coefficient (ICC)) on overall FMS composite scores (sum of scores from 
each of the 7 sub-tests). ‘Acceptable reliability’ was operationally defined as ³0.4 for 
k and ³0.6 for ICCs. Kappa ³0.4 corresponds to at least ‘moderate’ agreement 
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(Landis & Koch, 1977), and ICC ³0.6 has been defined as the minimum useful level 
of agreement (Chinn, 1991).  When extracting reliability values the lower limit of the 
confidence interval was employed (Kottner et al., 2011), but if confidence intervals 
were not reported, the value of the reliability coefficients was extracted.   
 
Further to appraisal of individual studies, we interpreted the overall quality of 
evidence across all appraised studies using a similar approach to that employed in 
other recent systematic reviews of rater reliability (Barrett et al., 2014; Gorgos, 
Wasylyk, Van Lunen, & Hoch, 2014; McCreesh et al., 2015) based on an adapted 
version (Barrett et al., 2014) of the levels of evidence described by van Tulder et al. 
(2003) (Table 1).  In defining study quality, previous systematic reviews of rater 
reliability employing QAREL have used ≥50% (Gorgos et al., 2014; McCreesh et al., 
2015; Moloney, Hall, & Doody, 2012), ≥60% (Adhia, Bussey, Ribeiro, Tumilty, & 
Milosavljevic, 2013; Barrett et al., 2014; Gorgos et al., 2014), and ≥70% cut-points 
(Gorgos et al., 2014).  In the absence of a single accepted cut-point for defining study 
quality, and because conclusions about overall levels of evidence can be sensitive to 
operational definitions of study quality (Liberati et al., 2009), we conducted analyses 
using three cut-points for defining ‘high-quality’.  Studies were defined as high 
quality if ≥50%, ≥60%, and ≥70% of applicable QAREL checklist items were scored 
as ‘Yes’.  When considering the levels of evidence, ratings made from observation of 
video were considered separately from live ratings. 
 
 
Table 20.  Levels of evidencea  
Level of evidence Criteria 
Strong Consistent findings from ≥3 high-qualityb studies 
Moderate Consistent findings from ≥1 high-quality and ≥1 low-quality studies 
Limited Consistent findings in ≥1 low-quality study or only 1 study available 
Conflicting Inconsistent evidence in multiple studies irrespective of study quality 
No evidence No studies found 
Notes: a. Levels of evidence are based on an adapted version (Barrett et al., 2014) of the van 
Tulder et al criteria (van Tulder et al., 2003).  b. definition of high-quality was based on cut-






Results of the database search are shown in figure 13.  Of the 23 full-text articles 
assessed for eligibility, 11 studies reported reliability data but did not meet the 
inclusion criteria and were excluded.  Reasons for exclusion were: not published in 
English (Blikman, Hoozemans, Harts, & Koteris, 2013), rater reliability was not the 
primary study aim (Frohm et al., 2012; Letafatkar, Hadadnezhad, Shojaedin, & 
Mohamadi, 2014; Schneiders, Davidsson, Horman, & Sullivan, 2011; Tarara et al., 
2014); source was an unpublished thesis (Brigle, 2010; Dudley, 2010; Fawcett, 2014); 
or record was published in abstract rather than full-text form (Anstee, Docherty, 
Gansneder, & Schultz, 2003; Davis et al., 2013; Teyhen et al., 2010).  Thus, 12 
studies met the criteria for inclusion and underwent appraisal using the QAREL 
checklist (Butler, Plisky, & Kiesel, 2012; Gribble, Brigle, Pietrosimone, Pfile, & 
Webster, 2013; Gulgin & Hoogenboom, 2014; Leeder, Horsley, & Herrington, 2016; 
Maeda et al., 2013; Minick et al., 2010; Onate et al., 2012; Parenteau et al., 2014; 
Shultz, Anderson, Matheson, Marcello, & Besier, 2013; Smith, Chimera, Wright, & 
Warren, 2013; Teyhen et al., 2012; Waldron, Gray, Worsfold, & Twist, 2016).  After 
independent appraisal the two reviewers agreed on 85% of appraised items (k = 0.77, 
95%CI 0.68 to 0.86), and achieved consensus on the remaining items after discussion 
and consideration of the operational definitions.  Characteristics of appraised studies 
are displayed in Table 21.  Appraised studies were characterised by ratings of live 
performances of the FMS battery, and/or observing video recordings of subject 
performances.  Of the 12 studies reviewed there were six different combinations of 
inter-rater and intra-rater reliability indicating a high level of diversity in study design 
(Figure 14).  Reliability coefficients extracted from each study for composite FMS 
scores and for each individual sub-test are displayed for inter-rater (Figure 15) and 
intra-rater reliability (Figure 16). 
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Table 21.  Methodological characteristics and reliability coefficients extracted from appraised studies 
 









































children. 11 males; 19 
females 
 
Inter-rater Video Overall score: ICC2,1= 0.99 
(No CI). Individual test 
components (range across 
components: ICC2,1 = 0.91-
1.00; No CI) 
Used a modified rating 
scale: 100-point scoring 
scale (not 4-point ordinal). 
1 rater a developer of 
FMS. Descriptive 
statistics for age not 
reported. Raters permitted 
unlimited views (but 
mentioned 1-2 views of 
each) 
 
Gribble et al. 
(2013) 







15 AT untrained 
in FMS 









community: 2 males; 1 
female (20.33±1.15y) 
Intra-rater Video Overall (all raters 
combined) intra-rater 
ICC2,1=0.754 (95%CI 
0.526-0.872).  AT 
students: intra-rater 
ICC2,1=0.372 (95%CI -
0.798-0.780).  AT 
untrained: intra-rater 
ICC2,1=0.771 (95%CI 
0.317-0.923).  AT trained: 
intra-rater ICC2,1=0.946 
(95%CI 0.684-0.991) 
For movements with 
‘modifications’ (DS, 
TSPU, RS) 3 reps of each 
of 2 test positions shown. 
Gulgin et al. 
(2014) 
4 3 PT students 
 







1 rater 3y 
experience in 
FMS 







Inter-rater Video ICC for overall composite 




Raters permitted to replay 




Leeder et al. 
(2016) 





 5  Elite squash players. 3 
males; 2 females 
(25.4±4.6y) 
Inter-rater Video Overall score: ICC = 0.906 
(No CI) 
Video observed at ½ 
speed; unlimited views 
permitted 
 
Maeda et al. 
(2013) 
2 PT 1 PT: FMS 
certified 
1 PT: novice 







Live Intra-rater between-session 
(n=1 rater) ICC1,1 = 0.95 
(95%CI 0.94-0.97) 
Inter-rater for test 
components (DS k=0.61; 
HS k=0.79; IL k=0.55; SM 
k=0.61; ASLR k=0.83; 
TSPU k=0.63; RS k=0.63. 
No CI reported for any) 
 
Inter-rater coefficient for 
total score not reported 
 


















39 College students (incl 
13 ‘varsity’ athletes). 
17 males; 23 females; 
age 20.8y) 
 
Inter-rater Video Individual test components 
(incl L and R separate) 
reported. 
Novice-novice (range kw= 
0.53-1.00; No CI) 
Expert-expert (range kw= 
0.40-0.95; No CI) 
Novice-expert (range kw= 
0.74-1.00; No CI) 
 
Inter-rater coefficient for 
total score not reported. 
Circumstances of video 
viewing not specified 
 
Onate et al. 
(2012) 
















Live Overall inter-session ICC = 
0.92 (No CI) 
 
Inter-rater ICC = 0.98   
(No CI) 
Inter-session and inter-
rater k coefficients for test 
components also reported  
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Parenteau et al. 
(2014) 
4 3 senior PT 
students; 1 PT 
All 4 FMS 
certified; 
practiced FMS 












Overall inter-rater ICC = 
0.92 (95%CI 0.92-0.98). 
Inter-rater for components 
(kw) 
Intra-rater 
Rater 1: Overall ICC = 
0.96 (95%CI 0.92-0.98) 
Rater 2: Overall ICC = 
0.96 (95%CI 0.92-0.98) 
 
Inter-rater for HS (kw 
=0.55) and RS (kw =0.26); 
Intra-rater for HS and RS 
lowest (kw =0.65 and 
0.77) 
Shultz et al. 
(2013) 
(Part I) 
6 1 undergrad 
1 PT 
2 AT 
2 S&C coaches 






















Video Overall inter Krippendorff- 
α = 0.38 (95%CI 0.35 – 
0.41) 





Shultz et al. 
(2013) (Part II) 
1 ? 
 








Intra-rater Live vs 
Video 
ICC = 0.92 (95%CI 0.855-
0.959) 
 
Smith et al. 
(2013) 
4 1 PT student 
(Rater 1) 
1 NS (Rater 2) 
1AT/biomechan
ist (Rater 3) 









No prev FMS 
experience 
No prev FMS 
experience 
19 Physically active; 10 
males; 9 females; 













Overall inter-rater: Session 
1: ICC=0.89 (95%CI 0.80-
0.95). Session 2: ICC=0.87 
(95%CI 0.76-0.94) 
 




to subjects delivered by 
audio-recording. All raters 
underwent 2h FMS 




Rater 2 ICC=0.81 (95%CI 
0.57-0.92) 
Rater 3 ICC=0.91 (95%CI 
0.78-0.96) 
Rater 4 ICC=0.88 (95%CI 
0.72-0.95) 
 
Teyhen et al. 
(2012) 
8 DPT students 
 
 
20-hrs training NS 64 Physically active 
military personnel; 53 









Overall inter ICC2,1 = 0.76 
(95%CI 0.63-0.85) 
Overall intra ICC3,1 = 0.74 
(95%CI 0.60-0.83) 
Simultaneous observation 
of inter-rater assumed (not 
specified). 4 raters for 
intra-rater test-retest. kw 
coefficients for test 
components reported 
(range kw = 0.45-0.82) 
 
Waldron et al. 
(2016) 
1 NS NS ‘intermediate 
standard’ 
12 Elite under 19 rugby 






ICC or k not reported. 
Reliability assessed based 
on “practically important 
reference value”. No CI 
Study also included 
across-season changes 
(inter-session) in physical 
function and performance 
 
Notes: a. FMS training: includes formal FMS certification, or pre-study training in FMS procedures.  b. FMS experience prior to study: refers to extent of clinical experience in use of FMS procedures (defined in 
number previous tests, or months/years of clinical use).  c. Viewing Type:  raters observed video; raters simultaneously observed live; raters independently undertook live ratings. 
Abbreviations:  m= months; y = years; ? = unclear from reporting,  NS = not-specified, ICC = intraclass correlation coefficient, k = kappa, kw = weighted kappa,  S&C = strength and conditioning, DPT = doctor of 
physical therapy,  AT = athletic trainer, PT = physical therapist/physiotherapist,  DS = Deep Squat, HS = Hurdle Step, IL = In-line Lunge, SM = Shoulder Mobility, ALSR = Active Straight-leg Raise, TSPU = 









Figure 14.  Schematic illustrating the diversity of designs employed to investigate reliability of FMS 



















Figure 15.  Inter-rater reliability of composite scores and individual sub-tests. Shaded regions indicate 
‘acceptable’ reliability (see text for definition). Open circles = ratings made from observation of video; 
closed circles = live ratings.  Larger circles represent higher QAREL scores. QAREL scores are shown 
in parentheses.   Error bars (when reported) are 95% confidence intervals. Superscript key: a = Shultz 
et al. (2013) report Krippendorff-α rather than ICC.  Smith et al. (2013) report an inter-rater ICCs for 
two separate sessions: b = Session 1, c = Session 2.  Minick et al. (2010) report inter-rater ICCs for 
pairs of raters: d = novice vs novice, e = experienced vs experienced, f = experienced vs novice.  
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Figure 16.  Intra-rater reliability of composite scores and individual sub-tests. Shaded regions indicate 
‘acceptable’ reliability (see text for definition). Open circles = ratings made from observation of video; 
closed circles = live ratings.  Larger circles represent higher QAREL scores. QAREL scores are shown 
in parentheses.  Error bars (when reported) are 95% confidence intervals. Superscript key:  a = Shultz 
et al. (2013) report Krippendorff-α rather than ICC.  Smith et al. (2013) report an intra-rater kappa for 
each rater: b = rater 1, c = rater 2, d = rater 3, e = rater 4.  Parenteau et al. (2014) report an intra-rater 




Results for quality appraisal of each study are reported in Table 22.  Eight of the 12 
studies met the operational definition for ‘high-quality’ based on satisfying ³50% of 
the applicable QAREL items.  However, when applying the ³60% quality threshold 
there were three studies of high-quality (Minick et al., 2010; Shultz et al., 2013; 
Teyhen et al., 2012), and only one high-quality study when applying the ³70% quality 
threshold (Teyhen et al., 2012). 
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Table 22.  Results of the Quality Appraisal for Reliability Studies checklist 



























































































































































































Butler et al. (2012)            4/8 Y   
Gribble et al. (2013)            5/10 Y   
Gulgin et al. (2014)            4/8 Y   
Leeder et al. (2016)            2/8    
Maeda et al. (2013)            5/10 Y   
Minick et al. (2010)            5/8 Y Y  
Onate et al. (2012)            5/10 Y   
Parenteau et al. (2014)            4/10    
Shultz et al. (2013)            6/10 Y Y  
Smith et al. (2013)            3/10    
Teyhen et al. (2012)            7/10 Y Y Y 
Waldron et al. (2016)            1/9    
Notes:    = item satisfied;  = item unclear;  = item not satisfied;   = item not applicable; Y = yes. * = QAREL Item 5 was omitted because no agreed reference standard is 
available for ‘movement quality’ therefore all studies were rated NA. See Appendix 4 for expanded descriptions and operational definitions of each QAREL item in the context 
of FMS.   
 156 
Levels of evidence for composite FMS scores 
Inter-rater reliability of composite scores: Ratings made while viewing video 
recordings 
Inter-rater reliability of composite FMS scores was investigated in five studies using 
ratings made while viewing video recordings (Butler et al., 2012; Gulgin & 
Hoogenboom, 2014; Leeder et al., 2016; Minick et al., 2010; Shultz et al., 2013).  
However, Minick et al. (2010) did not report agreement coefficients for composite 
scores, while Butler et al. (2012) investigated a modified scoring system intended for 
research purposes rather than clinical use (Table 21).  Therefore, based on these three 
studies, the overall level of evidence was ‘conflicting’ irrespective of the threshold for 
‘high-quality’. 
 
Inter-rater reliability of composite scores: Ratings made from live observation 
Four studies reported inter-rater reliability of composite scores established from live 
ratings (Onate et al., 2012; Parenteau et al., 2014; Smith et al., 2013; Teyhen et al., 
2012).  Regardless of the threshold for study quality (≥50%, ≥60% or ≥70%), the 
overall level of evidence was ‘moderate’. 
 
Intra-rater reliability of composite scores: Ratings made from viewing of video 
recordings 
Three studies reported intra-rater reliability based on repeated viewing of video 
recordings (Gribble et al., 2013; Parenteau et al., 2014; Shultz et al., 2013).  The intra-
rater aspect of Shultz et al. (2013) was considered methodological (comparison of one 
rater’s FMS scores derived from live ratings compared to those made from video 
recordings) with limited clinical application and was not included in the analysis 
(Table 21).  Applying the ≥50% threshold of study quality resulted in a ‘moderate’ 
level of evidence, however, at ≥60% and ≥70% thresholds the overall level of 
evidence was ‘limited’. 
 
Intra-rater reliability of composite scores: Ratings made from live observation 
Six studies report intra-rater reliability of composite scores from live ratings (Maeda 
et al., 2013; Onate et al., 2012; Shultz et al., 2013; Smith et al., 2013; Teyhen et al., 
2012; Waldron et al., 2016).  The findings of Shultz et al. (2013) were excluded on 
the basis of limited clinical applicability, and those of Waldron et al. (2016) excluded 
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because an interpretable reliability coefficient was not reported (Table 21).  Applying 
the ≥50% threshold of study quality resulted in a ‘strong’ level of evidence, however, 
at ≥60% and ≥70% thresholds the overall level of evidence was ‘moderate’. 
 
Levels of evidence for FMS sub-tests 
The levels of evidence for individual FMS sub-tests are summarised in Table 23.  
With one exception (hurdle-step), the levels of evidence for all sub-tests were robust 
to increasing the threshold of study quality.  For inter-rater reliability, live ratings out-
performed those made from video with ‘moderate’ evidence of acceptable reliability 
for four sub-tests (Deep Squat, Shoulder Mobility, Active Straight-leg Raise, Trunk 
Stability Push-up) and ‘conflicting’ evidence for the remaining three (Hurdle Step, In-
line Lunge, Rotary Stability).  The levels of evidence for inter-rater reliability from 
video ratings were ‘conflicting’ for all sub-tests except for Hurdle Step – which 
decreased from ‘strong’ to ‘limited’ when increasing the threshold of study quality. 
For intra-rater reliability the level of evidence was ‘moderate’ for all sub-tests except 
for Rotary Stability – which was ‘conflicting’.  There were no published intra-rater 
reliability data for ratings of individual sub-tests made from video.  
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Table 23. Levels of evidence for individual FMS sub-tests. 
 
  Inter-rater    Intra-rater 
  Live  x  Video    Live    Video  
Threshold for ‘high-quality’ studya 
 ≥50% ≥60% ≥70%  ≥50% ≥60% ≥70%  ≥50% ≥60% ≥70%  ≥50% ≥60% ≥70% 
Deep Squat S M M  C C C  M M M  - - - 
Hurdle Step C C C  S M L  M M M  - - - 
In-line Lunge C C C  C C C  M M M  - - - 
Shoulder 
Mobility 
S M M  C C C  M M M  - - - 
Active SLR S M M  C C C  M M M  - - - 
Trunk Stability 
Push Up 
S M M  C C C  M M M  - - - 
Rotary Stability C C C  C C C  C C C  - - - 
 
Notes: C = ‘conflicting’; L = ‘limited evidence’; M = ‘moderate evidence’; S = ‘strong evidence’; - = no published data available. a = refers to percentage of 







This systematic review indicates a ‘moderate’ level of evidence in favor of acceptable 
inter- and intra-rater reliability for composite scores derived from live scoring of the 
FMS battery.  For composite scores derived from viewing video recordings there is 
conflicting evidence of ‘acceptable’ inter-rater reliability, and limited evidence for 
intra-rater reliability.  
 
Clinical interpretation of what constitutes an acceptable level of rater reliability is 
widely considered to be context dependent and somewhat arbitrary (Davidson & 
Keating, 2014; Sim & Wright, 2005).  In defining thresholds of ‘acceptable’ 
reliability in this review we defined coefficient values (ICCs ³ 0.6, kappa ³ 0.4) 
corresponding to ‘moderate’ reliability as sufficient for observing human movement 
for screening purposes.  However, increasing the thresholds above these levels would 
decrease the number of studies reporting acceptable reliability and the overall levels 
of evidence would be downgraded.  
 
Methodological issues identified in the studies reviewed 
There are a wide range of different study designs available to investigate rater 
reliability (Kottner et al., 2011), and of the 12 studies included in this review, there 
were six different combinations of inter-intra and live/video observation and this 
diversity of study designs precluded meta-analysis.  Of the studies included, only 
three reached a QAREL score ≥60% and one study ≥70%, highlighting that the 
majority of studies were at risk of methodological bias.  Close inspection of the 
QAREL appraisal results show a substantial number of ‘unclear’ ratings arising as a 
consequence of poor study reporting (Table 22).  In appraising the 12 studies in this 
review using the 10 applicable QAREL items, we assigned an ‘unclear’ rating to 
approximately half of the total applicable ratings (54 of 111 rated items).  An 
‘unclear’ rating arises when authors fail to report sufficient procedural or 
methodological detail, and a substantial proportion (35/63) were related to issues of 
blinding (see Table 22, QAREL Items 3, 4, 6, 7).   
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Guidelines to improve the reporting of clinical studies are now well established in 
clinical research including those for studies of reliability and agreement (Kottner et 
al., 2011).  The poor reporting in studies we reviewed further highlights previous calls 
for investigators in sports injury prevention research to comply with reporting 
guidelines (Yoon & Knobloch, 2012).  Given the proportion of ‘unclear’ ratings 
related to poor reporting, it is possible that the true quality of the existing reliability 
literature is higher than we have appraised.  We elected not to personally contact 
authors to clarify status because, like other reviewers (McCreesh et al., 2015), we 
considered this could introduce a high risk of recall bias. 
 
In addition to issues related to blinding, there were three other notable methodological 
weaknesses in the studies: 
 
• Representativeness of subjects (QAREL Item 1): The small samples (n ≤ 5) 
employed in several studies (Gribble et al., 2013; Leeder et al., 2016) are 
unlikely to provide a sufficient spectrum of ratings.  A narrow spectrum can 
threaten both internal validity when using the kappa statistic (Cicchetti & 
Feinstein, 1990), and also limits external validity, because reliability should be 
investigated in a sample representing scores across the full scale (Sim & 
Wright, 2005).  Although methods of calculating sample size for reliability 
studies are available for both raters (Sadatsafavi, Najafzadeh, Lynd, & Marra, 
2008), and subjects (Shoukri, Asyali, & Donner, 2004), none of the 12 studies 
reported calculations or provided a rationale in support of sample size. 
 
• Representativeness of raters (QAREL Item 2): Rater training and experience 
in FMS administration was not systematically reported in the studies 
reviewed.  The often-incomplete description of rater characteristics precluded 
analysis of the influence of prior training and experience in FMS although it 
appears that raters with relatively little experience can achieve acceptable 
reliability.  Rater training and experience should be systematically itemised 
including vocational designation, the extent of formal or informal instruction, 
and perhaps most importantly the level of clinical experience in administering 
the FMS. 
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• Appropriate statistical treatment (QAREL Item 11): There are well-accepted 
statistical conventions for analysing and reporting rater-reliability data 
(Kottner et al., 2011), and compliance is important so that findings are 
correctly interpreted (Davidson & Keating, 2014).  It is unfortunate, and 
preventable, that several studies included inappropriate methods of analysis, 
such as employing inappropriate statistical analysis for inter-rater agreement 
for individual sub-tests (Gulgin & Hoogenboom, 2014), using ICCs to report 
agreement for sub-tests (4-point ordinal scale) (Smith et al., 2013), or use of 
non-chance corrected statistics (Waldron et al., 2016).  Failure to report 
confidence limits for reliability coefficients was also apparent (Butler et al., 
2012; Leeder et al., 2016; Minick et al., 2010).  
 
Implications for practitioners 
Based on our findings, practitioners using the FMS as a movement quality test can 
expect to achieve acceptable inter- and intra-rater reliability for deriving a composite 
score from live ratings, assuming they have comparable training and experience to 
raters in the studies reviewed.  Based on the conflicting level of evidence for 
reliability based on video ratings, live-ratings may be preferred over those made from 
viewing of recorded video. 
 
Cook et al indicate that practitioners should interpret the composite score in 
conjunction with scores of individual sub-tests, and the number of left-right 
asymmetries (Cook, Burton, Hoogenboom, & Voight, 2014a, 2014b; Cook, Burton, 
Kiesel, & Rose, 2010b).  Although acceptable levels of inter- and intra-rater reliability 
for composite scores are achievable, recent explorations of the underlying factor 
structure of the FMS battery in military personnel (Kazman, Galecki, Lisman, 
Deuster, & O'Connor F, 2014), and elite athletes (Li, Wang, Chen, & Dai, 2015) 
suggest it may not be uni-dimensional, and summation of sub-test scores into a single 
composite score may not be justified.  We recommend that practitioners interpret the 
findings of each individual sub-test separately, however, practitioners should note the 
level of evidence for live inter-rater reliability is conflicting for three tests (Hurdle 
Step, In-line Lunge, Rotary Stability) and in circumstances where multiple 
practitioners are working collaboratively (such as multi-station pre-participation 
screening of large training squads) more judicious interpretation of these tests is 
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recommended.  Whenever possible, practitioners working together in the same setting 
should review test administration and scoring criteria in order to calibrate amongst 
themselves. 
 
Recommendations for further research 
Researchers designing clinical trials make decisions that impact on internal and 
external validity based on design ‘attitude’ which may be pragmatic or explanatory in 
orientation (Schwartz & Lellouch, 2009).  Similarly, researchers designing rater 
reliability studies make design decisions that impact on external and internal validity.  
None of the appraised studies reported designs in which individual raters 
independently administered the FMS in a manner that closely resembled typical 
administration in a clinical or field setting.  Studies that are designed for execution in 
a laboratory or simulated clinical setting, can produce findings that have acceptable 
internal validity, but may not be sufficiently representative of the usual practice 
environment for findings to be generalised.  To improve internal validity, 
investigators may introduce conditions in which risk of bias within the study is 
improved, however, these more controlled conditions compromise the 
representativeness of the context in which the test is usually administered.  For 
instance, the use of video in reliability studies controls for within-subject variability, 
but is not representative of the live test administration typical of clinical settings 
(Swaine & Sullivan, 1999).  None of the appraised studies were designed to simulate 
the conditions in which the FMS might normally be conducted in routine practice; 
therefore, the ecological validity of the studies reviewed is questionable.  In addition 
to improved study reporting, we recommend future investigations incorporate design 
characteristics that more closely resemble conditions encountered in typical clinical 
applications.  Examples include: (1) raters independently administer the FMS in 
isolation from other raters, (2) all sub-tests and clearing tests are included, (3) raters 
manipulate FMS test equipment including setting hurdle height and establishing cut-
off measurement for shoulder mobility, (4) raters verbalise their own instructions, (5) 
raters enquire about the presence of pain during each sub-test; and (6) inclusion of 
rater notation of test outcomes and interpretation of findings.  The QAREL criteria 
does not include an item specifically addressing ecological validity, therefore, we 
propose a draft item to extend QAREL (see Appendix 5).  This item was not 
employed here, but may be useful for future investigations. 
 163 
 
Given that reliability is a property of the measurement and not of the instrument 
(Vacha-Haase, 1998), we recommend that when employing FMS scoring in injury 
prevention research, authors should consider establishing reliability data for their 
raters as appropriate to the study or practice context.  To aid practical interpretation, 
investigators reporting reliability data should also report measurement error in the 
form of standard error of measurement and minimum detectable change (Davidson & 




This study set specific eligibility criteria that excluded theses and other sources of 
non-indexed and non-peer reviewed grey literature, and included only English-
language studies that investigated reliability as a primary study aim.  This approach 
may have excluded good quality studies that may exist outside these parameters but 
were not included in this synthesis. 
 
Summary 
This review found ‘moderate’ evidence that raters can achieve acceptable levels of 
inter and intra-rater reliability of composite FMS scores when using live ratings, but 
‘limited’ and ‘conflicting’ evidence for those derived from video recordings. Overall, 
there were few high-quality studies, with just one study satisfying the most rigorous 
definition for high-quality.  The quality of several studies were negatively impacted 
by poor reporting particularly in relation to rater blinding which is critically important 






Chapter 6 – Summary points  
• This study was the first published systematic review of rater reliability for 
FMS scores  
• There was a ‘moderate’ level of evidence in favor of acceptable inter- and 
intra-rater reliability for composite scores derived from live scoring 
• Ratings made from live observation were superior to those made from 
viewing of video recordings 
• The level of evidence was negatively impacted by poor reporting 
• The principal methodological weaknesses in reviewed studies were: 
representativeness of subjects, representativeness of raters, and 
appropriateness of statistical treatment 
• In addition to improved study reporting, we recommend future 
investigations incorporate design characteristics that more closely resemble 








The conclusions of this chapter were based on studies identified using bibliographic 
search finalised on 4 February 2015.  Following the online availability of Moran, 
Schneiders, Major, and Sullivan (2016) on 27 August 2015 (Epub date) two further 
systematic reviews addressing the reliability of raters using the FMS were published 
(Bonazza, Smuin, Onks, Silvis, & Dhawan, 2016; Cuchna, Hoch, & Hoch, 2016). 
 
Both Bonazza et al. (2016) and Cuchna et al. (2016) held a different view to Moran et 
al. (2016) in regards the appropriateness of meta-analysis, and elected to ignore 
heterogeneity of study design parameters and proceed with meta-analysis.  On the 
basis of their pooled estimates of reliability for FMS composite scores from six 
studies Cuchna et al. (2016) concluded there was moderate evidence of ‘good’ inter-
rater reliability (pooled ICC = 0.84, 95% CI 0.64 to 0.94), and moderate evidence for 
good intra-rater reliability (pooled ICC = 0.87, 95% CI 0.79 to 0.92). 
 
Similarly, although Bonazza et al. (2016) ignored heterogeneity of design parameters 
between studies, and also failed to undertake risk-of-bias analysis of included studies, 
their meta-analysis of FMS composite scores generated a pooled estimate (based on 
six studies) for inter-rater reliability of ICC = 0.81 (95% CI, 0.70 to 0.92).  For intra-
rater reliability the pooled estimate (six studies) was ICC = 0.81 (95% CI 0.69 to 
0.92).  Ignoring the issue of failing to conduct any risk-of-bias assessment, these 
estimates supported the conclusion of excellent reliability (Bonazza et al., 2016).   
 
Notwithstanding differences in methodological approach, and the number of studies 
included in the synthesis, three separate systematic reviews (Bonazza et al., 2016; 
Cuchna et al., 2016; Moran et al., 2016) have generated evidence in support of 
acceptable reliability for FMS composite scores.   
 
An updated search of 29 April 2020 using PubMed and CINAHL (sample syntax: 
[FMS AND reliability) AND Functional movement screen) identified one published 
study of FMS reliability (Sorenson, 2016), that was not otherwise considered in any 
previous systematic review.  Sorenson (2016) investigated both inter- and intra-rater 
reliability using eight athletic trainers who evaluated video recordings of FMS 
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evaluations of 15 college-aged participants.  The extent of agreement (inter-rater 
reliability, median ICC = 0.90; and intra-rater reliability median ICC = 0.88) 
demonstrated acceptable levels of consistency for composite scores and component 
scores (except rotary stability). 
 
Although not included in the synthesis reported in this chapter, this finding does not 
materially change the conclusions.  Considering the overall evidence base, a 2019 
commentary regarding FMS utility (Warren, Lininger, Chimera, & Smith, 2018) 
called for no further publication of rater reliability studies for the FMS.  In light of the 
systematic review findings, and following the call of Warren et al (2018), the question 
of whether raters are reliable in administering the FMS is unlikely to attract much 




Strength of association between Functional Movement Screen composite 







This chapter reports a systematic review with meta-analysis of studies reporting the strength 
of association between the putative risk factor ‘movement quality’, represented by composite 
FMS score and the outcome of injury.  Prior to presentation in this chapter, the study was first 
published in the British Journal of Sports Medicine (R. Moran et al., 2017).  The literature 
search was current to 3 March 2016, therefore, any studies meeting the eligibility criteria 
published after this date are not included in the synthesis presented here.  An Addendum to 





Participation in sport and exercise is inevitably associated with exposure to risk of injury.  
Loss of participation due to injury not only threatens the health benefits of physical activity 
(Verhagen & van Mechelen, 2010), but also impedes competitive success for individuals and 
teams, and are associated with economic costs and personal suffering.  Field-expedient 
screening tests that might identify modifiable intrinsic risk factors for musculoskeletal injury 
are appealing to applied practitioners working in sport and exercise medicine.  Recently, 
several performance-based (Hegedus, McDonough, Bleakley, Cook, & Baxter, 2015), as well 
as movement quality-based tests (Cook et al., 2014a, 2014b; Frohm et al., 2012; Reid et al., 
2015; H. C. Smith et al., 2012; Whatman et al., 2012), for the purpose of identifying deficits 
in neuromuscular ability associated with elevated injury risk have been described.  Of these, 
the Functional Movement Screen (FMS) is a movement quality-based test in widespread 
clinical use (McCall et al., 2015; Wright et al. 2016), and has also attracted considerable 
research attention over a short period.  The FMS is a battery of seven movement tasks and 
three additional clearing tests, assessed by visual observation using standardised criteria 
(Cook et al., 2014a, 2014b).  Recent systematic reviews report acceptable intra and inter-rater 
reliability for composite FMS scores (Cuchna et al., 2016; R. Moran et al., 2016), however, 
other properties are less well established with the use of FMS as an injury prevention 
screening tool a particular area of current debate (Wright et al., 2016).  In a review, Bahr 
(2016) described three research steps in the development and validation of injury prevention 
screening programmes.  Step 1 involves conducting prospective cohort studies to establish 
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the strength of association between a putative risk factor and subsequent injury.  Step 2 
involves validation of screening test properties, and Step 3 prescribes the use of controlled 
studies to investigate effectiveness.  Since the seminal ‘injury prediction’ study of American 
football players in 2007 (Kiesel et al., 2007), many studies investigating the relationship 
between FMS assessment and injury across a variety of sports and vocational settings have 
been reported.  To date, just two systematic reviews have attempted to synthesise this 
literature (Bonazza et al., 2016; Dorrel, Long, Shaffer, & Myer, 2015).  Dorrel et al. (2015) 
included seven prospective cohort studies in their 2015 review, while the review of Bonazza 
et al. (2016) included nine prospective studies but did not assess individual studies for risk of 
bias, instead pooling all studies regardless of quality.  Moreover, both previous reviews 
aggregated data from studies with diverse participant ages, sex, vocation or sports settings, 
and injury definitions, which may bias the conclusions or limit their interpretation 
(Borenstein et al., 2009).  With the recent publication of several prospective cohort studies 
not available for inclusion in previous reviews, coupled with specific weaknesses in the 
methodological approach (Bonazza et al., 2016; Dorrel et al., 2015), a more comprehensive 
systematic review employing robust methodology is necessary.  The aim of this study was to 
systematically and comprehensively review studies investigating the strength of association 
between FMS composite scores and subsequent risk of injury, taking into account both 






A systematic review with meta-analysis was undertaken and reported based on the PRISMA 
statement (Moher et al., 2009), and Meta-analysis of Observational Studies in Epidemiology 
(MOOSE) proposal for reporting (Stroup et al., 2000).  The study was prospectively 
registered with PROSPERO (CRD42015025575) (Appendix 6).  
 
Search strategy 
The search strategy was developed in consultation with a specialist librarian.  Databases were 
searched from inception and the final search undertaken on 3 March 2016.  Two reviewers 
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(RM, JM) independently undertook an initial database search and screened search results for 
relevance using the article title and abstract (Table 24).  A composite list of all articles 
identified by each reviewer that included the term “functional movement screen*” in the title 
or abstract were saved using reference management software and duplicate database results 
removed.  Subsequently, two reviewers (RM, JM) independently screened the Titles and 
Abstracts of all articles identified in the search results.  Based on title and abstract 
information, full-text articles were retrieved for any article judged by at least one reviewer to 
be investigating the association between FMS score and injury (Figure 17).  The reference 
lists of retrieved articles were hand-searched for additional records, and a search of the 
citation history of selected articles was undertaken using Scopus (Elsevier, B.V.). 
 
Table 24.  Search strategy  
Sample search syntax Database Yield** 
(1) functional movement screen* 
(2) functional movement screen* AND 
(injury OR injury prediction OR injury 
prevention OR injury risk OR injury 
prevention screening) 
(3) functional movement screen* AND 
(pre-participation screening OR pre-
participation examination) 
(4) functional movement screen* AND 
(flexibility OR stability OR motor 
control OR athletic) 





EBSCO (including Academic 
Search Complete, AMED, 




  Total: 122 
** = Yield after two reviewers screened titles and abstracts 
 
Selection criteria 
Eligibility for inclusion in the review was independently assessed by two reviewers (RM, 
JM) after considering full-text articles and applying the following selection criteria.  
Inclusion criteria were: (1) English language, (2) the study was an observational prospective 
cohort design, (3) the study reported original and peer-reviewed data, (4) composite FMS 
score was used to define exposure and non-exposure groups, and (5) musculoskeletal injury 
was reported as the outcome.  Exclusion criteria were: (1) data reported in conference 
abstracts (Harris, Quatman, Manring, Siston, & Flanigan, 2014), or non-peer reviewed 
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literature including theses, and (2) studies employing cross-sectional or retrospective study 
designs.  Differences between reviewers regarding selection eligibility were resolved by 
majority decision after a third reviewer (AS) considered the full-text and applied the selection 
criteria.  Study characteristics were independently extracted from each article by two 












An appraisal of the selected studies was undertaken using the ‘Quality of Cohort Studies’ (Q-
Coh), a tool specifically developed to assess risk-of-bias in prospective cohort studies (Jarde 
et al., 2013).  Risk-of-bias was assessed across six domains: Sample representativeness, 
Comparability of groups, Exposure measure, Maintenance of comparability, Outcome 
measures, Attrition.  Before commencing quality assessment, operational definitions for 
interpreting Q-Coh items in the context of the topic were developed and agreed by reviewers.  
Two reviewers (RM, JM) independently appraised each study before meeting to compare 
findings.  Disagreements in quality assessment between reviewers were resolved by 
consensus and a third reviewer (AS) was available to make a final decision if necessary.  
Descriptors for the overall quality of each article were based on Jarde et al. (2013) and 
defined as ‘good’ when ≤ 1 domain was not satisfied, ‘acceptable’ if 2 domains were not 
satisfied, and ‘low’ when >2 domains were not satisfied. 
 
Data analysis and synthesis 
Meta-analysis was attempted when there were at least two studies of ‘good’ or ‘acceptable’ 
methodological quality, and studies shared low methodological and clinical diversity with a 
sufficiently similar design, cohort characteristics (age, sex, vocation/sport), and injury 
definitions (see Appendix 7).  A random-effects model, accounting for both within and 
between-study variance, was employed because it was assumed the true effect would vary 
between studies (Borenstein, Hedges, Higgins, & Rothstein, 2010).  Statistical heterogeneity 
was explored using Cochrane chi-square (Cochrane Q) with statistical significance set at 
p<0.1.  Heterogeneity was quantified using the I2 statistic, and interpreted using the 
guidelines suggested in the Cochrane Handbook, with 0 – 25% indicating that heterogeneity 
‘might not be important’, 30 – 60% as ‘moderate’, 50 – 90% as ‘substantial’, and 75 – 100% 
as ‘considerable’ heterogeneity (Higgins & Green, 2011).  Review Manager (RevMan) v5.3 
(Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2014) was used to 
undertake meta-analysis calculations.   
 
When meta-analysis was not appropriate, a qualitative best-evidence synthesis was 
undertaken (Slavin, 1995).  Consistent with other recent systematic reviews (Maniar, Shield, 
Williams, Timmins, & Opar, 2016; R. Moran et al., 2016), we drew conclusions about the 
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overall quality of evidence, using criteria adapted from van Tulder et al. (2003) (Table 25).  
For the best-evidence synthesis, we operationally defined the ‘smallest worthwhile effect’ 
based on the lower limit of the confidence interval for risk ratio (RR) ≥ 1.1 (Hopkins, 
Marshall, Batterham, & Hanin, 2009), or odds ratio (OR) ≥ 1.5.  These thresholds equate to 
‘small’ magnitudes of effect (Hopkins, 2002).  If measures of association (RR, OR) were not 
reported, but instead a significance test for the mean composite FMS score between injured 
and non-injured participants was reported, we interpreted no statistical difference (where p < 
0.05) as evidence of absence for an effect.  Similarly, we operationally defined the smallest 
worthwhile effect for an area under a receiver operating curve as being 0.7 (Terwee et al., 








Strong Consistent findings (≥75% of studies showing consistent results)* from ≥3 high-quality† 
studies 
Moderate Consistent findings from ≥1 high-quality and ≥1 low-quality† studies 
Limited Consistent findings in ≥1 low-quality study or only 1 study available 
Conflicting Inconsistent findings (<75% of studies showing consistent results) in multiple studies 
irrespective of study quality 
No evidence No studies found 
*  In the case of only 2 or 3 studies, ‘consistency’ required agreement between all studies 
† Studies rated as ‘good’ or ‘acceptable’ quality using the Q-Coh risk-of-bias tool (Jarde et al., 2013) were 








Systematic database search identified 122 potential studies, that, based on title and abstract 
information, appeared likely to be investigating the strength of association between FMS 
score and injury.  Following removal of duplicate records and assessment of full-text articles 
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for eligibility, 24 articles were accepted for quality assessment.  Two studies (Letafatkar et 
al., 2014; Shojaedin, Letafatkar, Hadadnezhad, & Dehkhoda, 2014) reported results from the 
same dataset, therefore, findings from these studies were considered concurrently in decisions 




Reviewers achieved initial agreement on 117 of 144 (81%) possible Q-Coh domains (k = 
0.62, 95%CI 0.49 to 0.75), and achieved consensus on the remaining domains after 
discussion and consideration of the operational definitions.  Of the 24 studies reviewed, the 
quality of 16 were assessed as being ‘low’, 2 studies as being ‘acceptable’, and 6 as ‘good’ 
(Table 27).  Figure 18 displays the proportion of studies satisfying each Q-Coh domain. 
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Table 26.  Study characteristics (n=24) 
 




n Loss to 
follow-
up (n) * 
Age (SD)  
    (y) 





Injury Type** Mechanism 
Azzam et al., (2015) 34 0 34 0 NR Professional basketball 
(NBA)  
4 seasons ≤14 TL (≥7d) Overuse 
Traumatic 
Bardenett et al., (2015) 88 97 185 18 15.2 
(SD NR) 
High-school athletes 
cc, afb, sc, sw, tn, vb 
1 season Various TL 
MA 
NR 
Bushman et al., (2016) 2476 0 2476 590 18 – 57 Light infantry brigade 
(US Army) 
6 months ≤14 MA Overuse 
Traumatic 
Butler et al., (2013) NR NR 108 NR NR Firefighter trainees 16 weeks ≤14 TL (≥3d) NR 
Chorba et al., (2010) 0 38 38 0 19 (1.2) Collegiate athletes  
sc, bb, vb 
1 season ≤14 MA NR 
Dossa et al., (2014) 31 0 31 11 16-20 Major junior ice 
hockey 
1 season ≤14 TL (≥1 game) NR 
Garrison et al., (2015) 88 80 168 8 17-22 Collegiate athletes  
sw/dv, rb, sc 
1 season ≤14 MA ‘any’ 
Hammes et al., (2016) 238 0 238 NR 44 (7) Veteran (≥ 32yr) 
football (soccer) 
9 months NA TL ‘any’ 
Hotta et al., (2015) 101 0 84 17 20 (1.1) College runners 6 months ≤14 TL (≥4wk) Excl trauma 
Kiesel et al., (2014) 238 0 238 NR NR Prof American football  1 pre-season ≤14 TL (any) ‘any’ 
Kiesel et al., (2007) 46 0 46 NR (0) NR Prof American football ~ 4.5 months ≤14 TL (≥3 weeks) ‘any’ 
Knapik et al., (2015)  770 275 1045 NR 18 (0.7)  US Coast Guard cadets 8 weeks ≤11 M 
≤14 F 
MA ‘any’ 





Letafatkar et al., (2014) 50 50 100 NR (0) 18-25 Students  1 season ≤17 TL (≥1 exposure) ‘any’ lower 
extremity 
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sc, hb, bb 
McGill et al., (2012) 14 0 14 NR 20.4 (1.6) University basketball 2 years NA TL ‘any’ back injury 
McGill et al., (2015) 53 0 53 NR (0) 38 (5) Elite task force police 5 years ≤14 NR ‘any’ back injury 
excl accident 
Mokha et al., (2016) 20 64 84 NR (0) M 20.4 (1.3); 
F 19.1 (1.2) 
University athletes  










US Marine Corp 
officer candidates 
38 days; 68 
days  
≤14 MA Overuse 
Trauma 
 
Rusling et al., (2015) 135 0 135 15 13.6 (3.3) Professional football 
(soccer) 
8.5 months ≤14 ‘Any’ Excl contact 
Schroeder et al., (2016) 158 0 158 62 23.7 (3.5) Amateur football 
(soccer) 




Shojaedin et al., (2014) 50 50 100 NR (11) 22.6 (3) University athletes  
sc, hb, bb 
Competitive 
season 
≤17 NR NR 
Warren et al., (2015) 89 78 167 NR (0) 18-24 College athletes  
bb, cc, afb, gf, taf, tn, 
vb, sc, sw/dv 
Competitive 
season 
≤14 MA Only ‘non-
contact’ 
Wiese et al., (2014) 144 0 144 NR (0) 19 (1.3) NCAA Division I 
(American) football 




Zalai et al., (2015) 20 0 20 NR 23 (3) Elite male football 
(soccer) 
6 months NA ? ? 
 
Notes:  M = male; F = female; n = number; ? = injury definition unclear from the published information;  NR = not reported; NA = not applicable;  SD = standard deviation; 
Mdn = median  *  NR (0) = If loss to follow-up was not explicitly reported but could be inferred from results then loss (n) is shown in brackets;  ** Injury type:  MA = 
medical attention; TL = time loss; US = United States; NCAA = National Collegiate Athletic Association; NBA = National Basketball Association; d = day; cc = cross-
country, afb = American football, sc = soccer, sw = swimming, tn = tennis, vb = volleyball, bb = basketball, dv = diving, rb = rugby, hb = handball, rw = rowing, gf = golf, 
taf = track and field  
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Table 27. Results of quality assessment using Quality of Cohort Studies tool  










6. Attrition Overall Quality 
O’Connor et al. (2011)        Good 
Wiese et al. (2014)       Good 
Hotta et al. (2015)       Good 
Rusling et al. (2015)       Good 
Warren et al. (2015)       Good 
Bushman et al. (2016)       Good 
Knapik et al. (2015)       Acceptable 
McGill et al. (2015)       Acceptable 
Kiesel et al. (2007)       Low 
Chorba et al. (2010)       Low 
McGill et al. (2012)       Low 
Butler et al. (2013)       Low 
Dossa et al. (2014)       Low 
Kiesel et al. (2014)       Low 
Azzam et al. (2015)       Low 
Bardenett et al. (2015)        Low 
Letafatkar et al. (2014)       Low 
Shojaedin et al. (2014)       Low 
Garrison et al. (2015)       Low 
Kodesh et al. (2015)       Low 
Zalai et al. (2015)       Low 
Hammes et al. (2016)       Low 
Mokha et al. (2016)       Low 
Schroeder et al. (2016)       Low 









Figure 18.  Proportion of studies (n=23) satisfying each Q-Coh domain.  
0 20 40 60 80 100
6. Attrition
5. Outcome measures
4. Maintenance of comparability
3. Exposure measure
2. Comparability of groups
1. Sample representativeness
Satisfied Not Satisfied
Proportion (%) of studies satisfying or 
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Meta-analysis 
Of the eight studies appraised as being of ‘good’ or ‘acceptable’ quality, four studies 
involved military/police personnel, and four studies were of participants in sport.  Military 
personnel are required to complete very different physical tasks than those typically involved 
in sport (Sell et al., 2010), and both military and police personnel are also exposed to higher 
biomechanical loads associated with body borne tactical equipment (Brown, O'Donovan, 
Hasselquist, Corner, & Schiffman, 2016; Dempsey, Handcock, & Rehrer, 2014; Sell et al., 
2010).  Thus, given the differences in task requirements and operating environment between 
military personnel and athletes, for the purpose of meta-analysis two sub-groups of studies 
were identified (‘Sport’ and ‘Military/Police’).  The ‘Sport’ sub-group consisted of three 
studies reporting on single competitive sporting codes including football (soccer) (Rusling et 
al., 2015), running (Hotta et al., 2015), American football (Wiese et al., 2014), and one study 
of mixed codes (Warren et al., 2015).  The ‘Military/Police’ sub-group was comprised of four 
studies and included elite task force police (McGill et al., 2015), and military cohorts 
including infantry (Bushman et al., 2016), Marine Corps (O'Connor et al., 2011), and Coast 
Guard (Knapik et al., 2015).  There were insufficient similarities to conduct meta-analysis of 
studies in the ‘Sport’ sub-group, however, there were three studies of military cohorts with 
sufficient similarity to conduct meta-analysis in the ‘Military/Police sub-group (see Appendix 
7).  Data from the female cohort of Coast Guard cadets (Knapik et al., 2015), was excluded 
on the basis that injury risk, rate, and characteristics may differ between males and females 
(Edouard, Feddermann-Demont, Alonso, Branco, & Junge, 2015).  Meta-analysis using a 
random-effects model for the strength of association (risk ratio) between FMS composite 
score (cut-point 14 out of 21) and subsequent musculoskeletal injury resulted in a pooled RR 
= 1.47 (95%CI 1.22 to 1.77, p < 0.0001), and was associated with ‘moderate’ statistical 






Figure 19.  Forest-plot of male, military cohorts (Coast Guard, Marine Corps, infantry soldiers) for strength of 




Results of the best-evidence synthesis are displayed in Table 28.  Because of the low number 
of studies, the level of evidence was ‘limited’ for police, firefighters, female military, middle 
and long-distance running, ice hockey, basketball, and multiple high-school sports.  There 
was ‘conflicting’ evidence for American football, based on one good-quality study not in 
favour of an association that exceeds the smallest worthwhile effect, and two low-quality 
studies in favour of at least a ‘small’ effect.  Considering collegiate level athletes in a variety 
of sports, there was ‘conflicting’ evidence based on one good-quality and two low-quality 
studies not in favour of an association, and two low-quality studies in favour of an 
association that exceeds the smallest worthwhile effect.  For football (soccer), there was 
‘moderate’ evidence not in favour of an association based on consistent findings in one good-
quality study and three low-quality studies.  For male military personnel, there was ‘strong’ 
evidence in favour of an association that was ‘small’ in magnitude (Hopkins, 2002; Hopkins 
et al., 2009), based on three good-quality studies using the pooled effect from meta-analysis 
(Figure 3).  
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Table 28. Summary of best-evidence synthesis for strength of association between FMS composite score and 
musculoskeletal injury 
Sport, Author, Year Study 
Quality* 




Level of Evidence‡ 
American Football     
  Wiese et al. (2014)  Good OR = 1.425 (0.6, 3.2) Unclear Conflicting 
  Kiesel et al. (2007)  Low OR = 11.67 (1.97, 18.37) Small  
  Kiesel et al. (2014)  Low RR = 1.87 (1.20, 2.96) Small  
Football (soccer)     
  Rusling et al. (2015)  Good OR = 1.125 (0.47, 3.43) Unclear Moderate 
  Zalai et al. (2015)  Low NSD Unclear  
  Hammes et al. (2016)  Low AUC = 0.55 (0.46, 0.64) Unclear  





    
  Warren et al. (2015)  Good OR = 1.01 (0.53, 1.91) Unclear Conflicting 
  Chorba et al. (2010)  Low OR = 3.85 (0.98, 15.13) Unclear  
  Mokha et al. (2016)  Low RR = 0.68 (0.39, 1.19) Unclear  
  Garrison et al. (2015)  Low OR = 5.61 (2.73, 11.51) Small  
  Letafatkar et al. (2014)  
  Shojaedin et al. (2014)  
Low ‡‡  OR = 3.46 (1.36, 8.8) § Trivial  
Multiple Sports 
(High School) 
    
  Bardenett et al. (2015)  Low AUC = 0.485 Trivial Limited 
Basketball     
  Azzam et al. (2015) Low p = 0.16 
(independent t-test) 
Unclear Limited 
  McGill et al. (2012)  Low OR = 1.125 (0.33, 4.76) Unclear  
Ice Hockey     
  Dossa et al. (2014) Low +LR = 1.67 (0.54, 5.17) Unclear Limited 
Middle- and long-distance running 
  Hotta et al. (2015)  Good OR = 3.0 (0.8, 11.6) Unclear Limited 
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Military (female) 
  Knapik et al. (2015) Good RR = 1.93 (1.27, 2.95) Small Limited 
  Kodesh et al. (2015)  Low OR = 0.98 (0.87, 1.1) Unclear  
Military (male)     
  Bushman et al. (2016)  Good    
  Knapik et al. (2015)  Good RR = 1.47 (1.22, 1.77) ** Small Strong 
  O'Connor et al. (2011)  Good    
Firefighters     
  Butler et al. (2013)  Low OR = 8.31 (3.2, 21.6) Small Limited 
Police     
  McGill et al. (2015)  Acceptable OR = 1.25 (0.32, 4.76) Unclear Limited 
 
Notes: Abbreviations:  CI = confidence interval; OR = odds ratio; RR = risk ratio; NSD = no significant 
difference reported but no p value provided; AUC = area under curve (receiver operating curve); +LR = positive 
likelihood ratio.  *  Study quality based on assessment of methodological quality (see Table 4);  †  Descriptors 
for magnitude of effect based on Hopkins (2002) and Hopkins et al. (2009); ‡ Criteria for determining Level of 
Evidence are shown in Table 2;  ** RR based on pooled effect from meta-analysis;  ‡‡ odds ratio and CI 
presented here were calculated by authors based on raw data presented in Letafatkar et al. (2014) and Shojaedin 
et al. (2014) § Two studies (Letafatkar et al., 2014; Shojaedin et al., 2014) reported results from the same 
dataset, therefore, findings from these studies were considered concurrently in decisions about the overall 






Collectively, our findings indicate that the strength of association between FMS composite 
scores and injury is not sufficient to support use as an injury prediction tool.  With the 
exception of male military personnel, where there was ‘strong’ evidence of a small 
association, the overall level of evidence was ‘limited’ or ‘conflicting’ for a wide range of 
athletic populations including running, ice hockey, collegiate and high school sport, and 
professional or collegiate American football.  In football (soccer), the magnitude of effect 
was ‘unclear’ and there was ‘moderate’ evidence to recommend against the use of FMS 
composite scores for the purpose of injury prediction.  Regardless of the level of evidence, or 
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the sport studied, the true magnitude of association for any population studied was not greater 
than ‘small’. 
 
Approach to the problem – diagnostic accuracy, or strength of association? 
The utility of a diagnostic screening tool is predicated on the strength of association between 
the risk factor (i.e. movement quality) and the outcome of interest (injury).  If the strength of 
association is weak or unclear, then clinical utility will inevitably be poor, therefore, 
establishing the strength of association between risk factor and outcome in exploratory 
studies using prospective cohort designs is a fundamental first step (Bahr, 2016).  If well-
controlled prospective cohort studies demonstrate sufficiently strong estimates of the strength 
of association between risk factor and outcome, then further studies designed to investigate 
diagnostic test properties (i.e. likelihood ratios) can be undertaken (Bahr, 2016).  In 
reviewing existing studies investigating the relationship between FMS and subsequent injury, 
it is apparent that the literature does not discretely align into either exploratory studies or 
diagnostic utility studies.  This presents a dilemma for the design of systematic reviews 
because primary studies were designed, analysed, and reported using conventions of either 
observational cohort, diagnostic accuracy studies, or combinations of both.  Fundamentally, 
the quality of studies reporting diagnostic accuracy metrics in predicting sports injury from 
baseline predictors are dependent on the principles of robust prospective cohort design 
because, in this context, the ‘reference test’ is an injury event that has not occurred at the time 
of administering the index test (FMS).  This differs from the conventional application of 
diagnostic accuracy, where the reference and index test results are administered in close 
temporal proximity and there is no need to control for potential confounding effects that arise 
when the index test (FMS) and reference ‘test’ (injury event) are separated by one or more 
sporting seasons.  Therefore, rather than applying a diagnostic accuracy framework such as 
QUADAS (Whiting et al., 2011), we elected to appraise all studies on the basis of the 
strength of association between FMS and subsequent injury using Q-Coh (Jarde et al., 2013), 






Comparison with other studies 
Although two recent systematic reviews investigating the relationship between FMS 
composite scores and injury risk are available (Bonazza et al., 2016; Dorrel et al., 2015), the 
conclusions of each are contradictory.  Contradictory conclusions between studies, coupled 
with the publication of a substantial number of primary studies not included in previous 
reviews, underscore the need to update and extend previous work.  Our findings align with 
those of Dorrel et al. (2015) who, based on critical appraisal of seven studies using a 
diagnostic accuracy framework (QUADAS), concluded that the diagnostic accuracy of the 
FMS to predict injury was low.  Bonazza et al. (2016) reported the findings of a systematic 
review and meta-analysis of nine studies for injury predictive value and conclude that 
composite scores ≤14/21 were associated with elevated odds of sustaining an injury (pooled 
OR = 2.74, 95% CI 1.70 to 4.43).  In reconciling our findings with those of Bonazza et al. 
(2016) two important differences in methodological approach need to be considered.  Firstly, 
Bonazza et al. (2016) pooled results from all studies without consideration of clinical or 
methodological diversity. In contrast, we systematically considered the appropriateness of 
pooling data in an attempt to avoid combining data from studies with obvious clinical 
diversity in terms of population characteristics (age, sex, sport/vocation), and injury 
definitions.  The use of differing injury definitions between studies is a well-known 
confounder in sports injury prevention research (Brooks & Fuller, 2006), thus, for meta-
analysis we pooled only studies that used similar injury definitions.  Similarly, we avoided 
pooling studies with marked differences in cohort characteristics including sex, age, and sport 
on the basis that intrinsic injury risks are likely to differ by age, sex, and exposure to different 
physical demands in different sports.  Secondly, unlike Bonazza et al. (2016), who did not 
undertake risk-of-bias appraisal and included all studies in their meta-analysis, we 
systematically assessed risk-of-bias for all eligible studies and incorporated methodological 
quality into decisions about the overall level of evidence.  
 
Methodological issues in the studies reviewed 
Consistent with our previous systematic review of rater reliability for FMS composite scores 
that noted poor quality of study reporting (R. Moran et al., 2016) (see Chapter 6), we also 
observed deficits in reporting quality, with essential study characteristics such as participant 
age and loss to follow-up not reported in some studies.  Several studies also lacked precision 
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in reporting the duration of injury surveillance, which was often limited to descriptions such 
as “one season”.  Several studies failed to adequately define injury (McGill et al., 2015; 
McGill et al., 2012; Shojaedin et al., 2014; Zalai et al., 2015), a fundamental omission given 
that definition of injury is a critical methodological issue in sports injury research, and can 
impact on the interpretation of both individual studies and the synthesis of literature (Brooks 
& Fuller, 2006; Kluitenberg et al., 2016). 
 
When considering injury causation related to modifiable risk factors, the temporal 
relationship between a putative risk factor such as movement quality and injury occurrence 
needs to be considered.  As the interval between baseline measurement and the time of injury 
extends, there may be greater exposure to confounding effects that are not controlled in the 
study design.  This issue is less pertinent for shorter surveillance periods such as a single pre-
season training period, but over the course of a full competitive season the relationship 
between injury events and baseline risk factors is more vulnerable to confounding.  An 
inherent assumption in the design of many of the studies reviewed here, is that the strength of 
the intrinsic risk factor (represented here by FMS composite score) remains stable over time.  
However, this design does not account for changes in risk that may occur over time (both 
within and between participants) in response to factors such as training, competition and 
match exposure, subclinical adaptations to tissue loading, and neuromuscular function.  
Although some studies addressed this issue (see Table 27 ‘Maintenance of comparability’) 
(Bushman et al., 2016; Hammes et al., 2016; Hotta et al., 2015; O'Connor et al., 2011; 
Warren et al., 2015) not accounting for these potential confounding factors by either design 
or statistical analysis fails to address the recursive dynamic elements of injury aetiology 
described in classical (Meeuwisse et al., 2007), and emerging aetiological models (Windt & 
Gabbett, 2016).  Simply put, movement quality, as measured by FMS, may change over the 
course of a season such that at the time of injury onset, the level of movement competence at 
the time of injury is different than that recorded at baseline, thus confounding the association.  
To address this issue, repeated administration of measures in injury prediction studies has 
been proposed (Petrie & Falkstein, 1998), although to date, very few prospective injury 
prediction studies have undertaken repeated administration of measures for key predictor 
variables, and all of the studies reviewed here employed a single assessment of movement 
quality by FMS at baseline. 
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Previous work has demonstrated that FMS scores may change following prescription of 
corrective exercise over a 4- (Bodden, Needham, & Chockalingam, 2015) to 8-week period 
(Kiesel et al., 2011).  For studies undertaking injury surveillance over shorter periods (e.g. 6 
to 10 weeks (O'Connor et al., 2011; Schroeder et al., 2016)) the threat of bias arising from 
temporal instability of FMS scores is probably low.  Given the potential for intrinsic risk 
factors to change in response to training and competition exposures, it seems prudent for 
investigators to carefully evaluate the potential for repeated administration, particularly 
where monitoring is planned over a prolonged period.  Clearly, investigators need to make 
pragmatic decisions related to logistic and resource constraints, and repeated administration 
of measures for intrinsic risk factors may not be feasible, particularly when research is 
embedded within pre-existing clinical practice as was the case in many of the studies 
reviewed here.  Notwithstanding these practical constraints, investigators not able to account 
for confounding through design, should at least acknowledge these limitations in discussion 
and consider the likely impact on study conclusions (Jarde, 2013). 
 
Although employed in all studies reviewed here, the use of a single composite score is 
problematic from several perspectives.  Firstly, several studies indicate that the factor 
structure of the FMS battery is unlikely to be unidimensional, thus interpretation of a single 
composite score may not be valid (Gnacinski, Cornell, Meyer, Arvinen-Barrow, & Earl-
Boehm, 2016; Kazman et al., 2014; Kelleher, 2016; Koehle, Sinnen, Safferm, & Saffer, 2016; 
Li et al., 2015).  Secondly, the apparent research interest in FMS composite scores for injury 
risk is not commensurate with the minimal attention afforded to composite scores by FMS 
developers.  Cook et al., (Cook et al., 2014a, 2014b; Cook et al., 2010a) have largely focused 
on clinical interpretation based on 1) identification of pain associated with each subtest, 2) 
the presence of left-right asymmetrical scoring, and 3) identification of poor movement 
quality on each sub-test (as defined by a score of ‘1’ using the FMS scoring criteria).  The 
FMS appears to have been conceived in an attempt to develop a standardised and systematic 
approach to assessing basic movement patterns, with a goal of informing clinical decision 
making based on interpretation of each movement subtest in the context of other clinically 
relevant information (Cook et al., 2014a, 2014b; Cook et al., 2010a).  Notwithstanding use of 
the word ‘screen’ in the test name, this use of the FMS battery contrasts markedly from 
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‘screening’ in the conventional description of pre-participation health screening (Ljungqvist 
et al., 2009). 
 
The now substantial number of studies that have attempted to quantify the risk of future 
injury, based exclusively on the outcome of a single pre-participation administration of FMS, 
share two notable limitations.  Firstly, an unfortunately high number of studies reviewed here 
failed to accommodate existing multicausal models of injury aetiology in developing research 
hypotheses.  The premise that a single pre-season administration of a field-based test of one 
intrinsic risk factor (movement quality) is likely to have good utility as a predictor of future 
injury may constitute causal oversimplification.  This is especially apparent when considered 
in light of emerging injury aetiology models employing complex systems approaches 
(Bittencourt et al., 2016; Hulme & Finch, 2015).  Secondly, insofar as the FMS battery might 
provide possible injury predictor variables for inclusion in multivariate or complex prediction 
models, there are several possible categorical indices that may be derived from the FMS in 
addition to composite score that have attracted only sparse research attention to date (Teyhen 
et al., 2015).  For example, indices of pain provocation (e.g. proportion of movement subtests 
on which pain was reported) on active movement subtests (Fuller et al., 2016; Teyhen et al., 
2015), or scoring discrepancies between left and right, or indices representing patterns (i.e. 
specific subtests) of poor movement quality could be explored further as possible predictor 
variables.  This work could commence at an exploratory level through secondary analysis of 
existing datasets from studies of good methodological quality.   
 
Practical implications  
There was ‘moderate’ evidence to recommend against the use of FMS composite scores as an 
injury prediction test in football (soccer).  For other sports studied (Table 28), the evidence 
was ‘limited’ or ‘conflicting’.  In male military personnel, there was ‘strong’ evidence that 
the strength of association between composite score and subsequent injury is ‘small’.  The 
findings of this study should be interpreted in accord with the scope of the review which 
relates only to the strength of association between FMS composite score and subsequent 
injury.  Beyond injury prediction, the use of FMS as a standardised movement test battery 
that can be reliably administered in the field by practitioners with limited previous experience 
(Cuchna et al., 2016; R. Moran et al., 2016), may usefully inform applied practice if test 
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limitations are acknowledged, and findings interpreted judiciously alongside other relevant 
clinical information (Hewett, 2016; McCunn & Meyer, 2016). 
 
Research implications 
Given the complexity of injury aetiology, attempts to model the risk of future injury should 
be undertaken using multivariate analysis and predictor variables such as ‘movement quality’ 
(or similarly named constructs) need to be justified from a stronger theoretical basis.  The 
theoretical construct addressed by the FMS, labelled as both ‘movement competency’ (Cook 
et al., 2014a), or ‘movement quality’ (Frost et al., 2013; McGill, Frost, Andersen, et al., 
2013) has undergone limited scholarly development and its relationship with similar 
conceptual constructs such as physical literacy requires explication (Edwards, Bryant, 
Keegan, Morgan, & Jones, 2016). 
 
Limitations 
Although we undertook a comprehensive review of bibliographic databases it is possible that 
other studies satisfying the eligibility criteria exist but were not identified.  We consider the 
likelihood of this scenario to be low, and in order to substantially impact on conclusions 
regarding the level of evidence for various sports reported here, there would need to exist 
multiple, unidentified high-quality studies, with consistent findings.  The exclusion of grey-
literature from systematic reviews can raise the risk of publication bias, although studies 
reviewed here included both positive and negative findings, indicating this risk was probably 
minimal.  The methodological appraisal of studies in this review was conducted using the 
Quality of Cohort Studies, a new tool not yet in widespread use, but developed specifically 
for application to prospective observational cohort studies in response to limitations 
identified in other tools (Jarde, 2013; Jarde et al., 2013).  The selection of critical appraisal 
tools in systematic reviews may impact on review conclusions (Gough, Oliver, & Thomas, 
2012; Voss & Rehfuess, 2013), however, based on the weak magnitude of association 
reported in eligible studies here, we consider it unlikely that differences in quality appraisal 







Chapter 7 – Summary points  
• Of the 24 eligible studies that were appraised using the Q-Coh tool, sixteen 
were of low quality, two of acceptable quality, and six of good quality 
• For male military personnel, meta-analysis for the strength of association 
(risk ratio) between FMS composite score (cut-point 14 out of 21) and 
subsequent musculoskeletal injury resulted in a pooled RR = 1.47 (95%CI 
1.22 to 1.77, p < 0.0001) 
• With the exception of male military personnel, where there was ‘strong’ 
evidence of a small association, the overall level of evidence was ‘limited’ 
or ‘conflicting’ for a wide range of athletic populations including running, 
ice hockey, collegiate and high school sport, and professional or collegiate 
American football 
• In football (soccer), the magnitude of effect was ‘unclear’ and there was 
‘moderate’ evidence to recommend against the use of FMS composite 
scores for the purpose of injury prediction 
• Consistent with a previous systematic review of rater reliability for FMS 
composite scores that noted poor quality of study reporting (R. Moran et al., 
2016), here, we also observed deficits in reporting quality 
• The level of evidence for the strength of association between FMS 
composite scores and subsequent injury is not sufficient to support the use 









As of the final search date, no articles were identified that reported investigation of FMS 
scores as a risk factor within a sample of CrossFit participants.  However, subsequent to 
publication of R. Moran et al. (2017) one study reporting FMS as a risk factor for injury in 
CrossFit participants was published (S. Moran et al., 2017).  S. Moran et al. (2017) undertook 
a prospective cohort study to investigate injury epidemiology, and several risk factors for 
injury including FMS indices, in a cohort of CrossFit athletes monitored over a period of 12 
weeks.  S. Moran et al. (2017) found the strength of association between FMS composite 
score and injury was ‘unclear’ (risk ratio = 0.64, 95% CI 0.31 to 1.31).  Importantly, if this 
finding were available at the time of synthesis it would not have materially changed the 
conclusions. 
 
The scope of the investigation reported here was limited to consideration of FMS composite 
scores. However, in the Discussion section we suggest that composite scores may not be the 
best index of risk that can be derived from the FMS, and allude to the potential role of left-
right asymmetry of scores, and painful movement reported during an FMS test as candidate 
risk factors.  Interestingly, S. Moran et al. (2017) reported the effect of asymmetry, and found 
a clear association between the presence of at least two asymmetries and elevated risk of 
injury (risk ratio = 2.62, 95% CI 1.0 to 6.9).  This finding usefully informs the approach to 
treatment of FMS indices in Chapter 9. 
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Chapter 8  
 
Pilot work to inform the design and implementation of a future 
prospective study to monitor injury and illness in a convenience sample 








One of the key findings of the scoping review reported in Chapter 2 was that approximately 
90% of the 53 previous articles addressing any aspect of CrossFit participation and injury 
were related to injury surveillance (TRIPP Step 1).  Of the 48 articles assigned to TRIPP Step 
1, a subgroup of 15 studies investigated injury epidemiology, of which 14 employed cross-
sectional designs, and just one study reported using a prospective design.  This finding 
provided evidence in support of the feasibility to conduct a systematic review of injury 
epidemiology (Chapter 4).  The findings of the systematic review reported in Chapter 4 
underscores the need for prospective designs, where participants are monitored over a period 
of time to record episodes of injury and illness.  In addition to estimating injury incidence, 
prospective monitoring also affords an opportunity to gain insights into possible aetiological 
factors that might contribute to injury risk (i.e. TRIPP Step 2).  Such aetiological factors 
include workload, extent of recovery from previous injury, and movement quality.  These and 
other aetiological factors, along with various considerations involved in data collection were 
reviewed in Chapter 5.  Here, Chapter 8 starts to draw together the ‘strands’ from previous 
chapters, through the description of pilot work undertaken in preparation for the longitudinal 







Pilot and feasibility studies have largely developed to prepare for randomised controlled trials 
(RCTs) to assess efficacy or effectiveness of health-care interventions (Vogel & Draper-
Rodi, 2017).  Despite the development of methodological frameworks for the design and 
execution of pilot or feasibility studies being most closely associated with RCTs (Eldridge et 
al., 2016; Thabane et al., 2016), the purpose and benefits of conducting a formative study 
prior to a more definitive, larger scale study extends to all empirical research designs. 
 
Pilot and feasibility designs share many common features, and although some authors have 
attempted to distinguish between them (e.g. Arain, Campbell, Cooper, and Lancaster (2010); 
National Institute for Health Research (2017)), the language and definitions used to describe 
these studies have been used inconsistently in the literature (Eldridge et al., 2016).  
Confusingly, the terms have been used interchangeably (Arain et al., 2010; Hooper, 2019), 
and there appear to be differences in convention and use between different clinical and 
research disciplines, and also between different countries, and funding environments.  For 
example, Thabane et al. (2010) argue that “…a pilot study is synonymous with a feasibility 
study intended to guide the planning of a large-scale investigation” (p.1), whereas, in 
contrast, the National Institute for Health Research (UK) distinguish between pilot and 
feasibility studies indicating that their definitions are mutually exclusive (National Institute 
for Health Research, 2017).  The cardinal feature of both pilot and feasibility studies is the 
conduct of a preliminary study prior to a subsequent ‘main’ study.  In an editorial for the 
inaugural issue of the journal Pilot and Feasibility Studies, Lancaster (2015) notes that the 
fundamental issue for pilot and feasibility studies is “...uncertainty and how that is to be 
addressed when focusing upon planning a future large-scale study.”  Notwithstanding the 
nuances between pilot and feasibility designs, the term ‘pilot work’ was adopted for the 
purpose of this thesis (Arain et al., 2010; Arnold et al., 2009).  The intention of the work 
reported in this chapter was to undertake preliminary work to mitigate against various 
uncertainties that could threaten the planning and execution of the main study.  Two types of 
uncertainty were recognised: (1) ‘known’ uncertainties that were identified a priori during 
the planning phase and were specifically addressed as an objective of the pilot work; and (2) 
uncertainties that were not specifically identified or specified prior to the conduct of pilot 
work (i.e. were ‘unknown’), but would inevitably become apparent during the course of 
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conducting pilot work and could therefore be accounted for a posteriori in the planning and 




1. To inform the calculation of sample size through estimates of a) magnitude of the 
effect, and b) size of the population 
(a) Size of effect 
At the time of designing and planning the main study (2014-2016), no published prospective 
studies of injury epidemiology in CrossFit participants were available.  The available data 
regarding injury epidemiology (particularly injury incidence, and injury prevalence) were 
limited to cross-sectional studies, all of which were identified to be at high risk-of-bias (see 
Chapter 4).  The determination of adequate sample size is directly related to the magnitude of 
the effect of interest (Sullivan & Feinn, 2012), and in the absence of precise estimates of 
effect from injury epidemiology studies available at the time, it was reasoned that at least 
some crude indication of effect magnitudes derived from pilot work may be informative 
regarding assumptions to be made during sample size calculations. 
 
(b) Characteristics of the population 
In addition to the magnitude of the effects of interest, adequate sample size is also dependent 
on the size of the population from which the sample will be drawn.  Although a list of 
CrossFit affiliated gyms is maintained on the CrossFit Inc. website 
(https://www.crossfit.com/affiliate-list), no publicly available information regarding basic 
descriptive statistics for the number of CrossFit participants within the wider Auckland (New 
Zealand) region were available.  Therefore, an objective of pilot work was to determine the 
characteristics of the population, specifically, the number of affiliated facilities, and number 
of members of each gender at each affiliated CrossFit gym within the Auckland metropolitan 
area.  
 
2. Testing of participant recruitment and enrolment procedures 
Participant recruitment and enrolment procedures needed testing with a view to identifying 




3. Evaluate the data collection procedures used during the six week monitoring 
period 
(a) Test the Oslo Sports Trauma Centre questionnaire adaptations 
Although recently the Oslo Sports Trauma Centre (OSTRC) questionnaires (Clarsen et al., 
2013; Clarsen et al., 2014) have become widely utilised in sports injury research,19 at the time 
of planning these were newly published, and the injury questionnaire items were constrained 
to the knee, lower back, and shoulder (Clarsen et al., 2013).  Because previously published 
data regarding the prevalence of injury associated with specific body regions in CrossFit 
participants was both sparse and of poor quality (see Chapter 4), it was reasoned that 
comprehensive coverage of body regions would be desirable.  This necessitated drafting 
additional items (for multiple body regions) consistent with the existing structure and content 
of existing OSTRC items.  These new items required testing to ensure clarity and 
comprehension for users. 
 
(b) Usability testing of REDCap data collection and management system? 
Research electronic data capture (REDCap®) is a web-based software application designed 
for the purpose of deploying electronic data collection tools (e.g. OSTRC questionnaires) in 
medical and health-related research (Harris et al., 2009; Harris et al., 2019) (see Section 4, 
Chapter 5).  REDCap is a powerful tool for collecting longitudinal data, but requires the 
researcher to be familiar with its complex functions to ensure successful data collection.  
Therefore, an objective of pilot work was to ensure researcher familiarity with REDCap 
software with ‘real’ users.  Adding a comprehensive set of additional body regions [see (a) 
above] substantially lengthened the number of possible questionnaire items within the weekly 
reporting questionnaire.  To minimise participant burden in completing the questionnaire, and 
with a view to participant compliance and retention, a basic algorithm was designed to 
navigate participants through the questionnaire in an efficient manner.  The REDCap ‘piping’ 
and ‘branching logic’ functions were employed to achieve this (Anon., 2017).  Usability 
testing (Faulkner, 2003) of the questionnaire flow paths using real participants over a period 
of several weeks was intended to provide some additional assurance of correct REDCap 
functioning beyond the researcher’s own simulated testing. 
 
19 As evidence of the rapid growth and widespread use of the OSTRC questionnaires, the original development 




Design and setting 
Pilot work was undertaken through the planning and conduct of a prospective observational 
cohort study analogous to the main study.  The main variables, data collection procedures and 
processes as intended for use within the main study were employed during the pilot work.  
An abbreviated monitoring period of six weeks was selected because this was considered to 
be sufficient duration to identify issues related to recruitment, enrolment, data collection, and 
weekly monitoring.  For this study, the operational definition for ‘participation in CrossFit’ 
was “attendance and engagement with a prescribed ‘workout of the day’ at a CrossFit Inc., 
affiliated gym”.  A schematic to illustrate the data collection timeline is shown in Figure 1. 
 
 
Figure 20.  Schematic to illustrate data collection timeline. Note: OSTRC = Oslo Sports Trauma Research 




The pilot work reported here was approved as an amendment to the application for ethics 
approval to the University of Otago Ethics Committee (Reference 15/032).  All participants 





A convenience sample of CrossFit athletes of all genders was recruited from two suburban 
CrossFit affiliated gyms in the Auckland metropolitan area.  Each gym was selected based on 
their proximity to the investigator’s residence or place of work.  Participants were recruited 
following verbal announcements made by the researcher (RM) at pre-class briefings of 
scheduled classes.  Participant recruitment and data collection occurred between 5 October 
and 21 December 2015.   
 
Eligibility criteria 
Eligibility to participate was based on the following criteria.  For inclusion, prospective 
participants were required to (a) be aged ≥18-years at date of enrolment, (b) be a current 
financial member of a gym affiliated to CrossFit Inc., and hold a membership type that 
permitted attendance at a minimum of two training sessions per week, (c) have daily access 
to an internet enabled computing device; and (d) indicate their intention to maintain 
participation in CrossFit over the six week study period.  The exclusion criteria were: (e) 
participation in structured exercise training, or sporting competition inconsistent with the 
operational definition of CrossFit at a frequency greater than one session per month, (f) 
currently injured at the time of study recruitment; and (g) were currently pregnant, or 
planning on becoming pregnant, during the study period. 
 
Variables 
Size of the population 
For the purpose of this study, the population was operationally defined as adults aged >18 
years who were financial members of an affiliated CrossFit facility located within the 
Auckland region for which information about membership numbers were known.  The 
geographic boundaries for the region were defined by the urban limits of Albany in the north 
and Papakura in the south.  A map of CrossFit affiliates was generated using the affiliate 
finder functions on the CrossFit Inc., website on 23 February 2016 
(https://crossfit.com/affiliate-list and https://map.crossfit.com/).  Each CrossFit Inc., affiliated 
facility was identified and contact details (affiliate name, website, contact details) extracted 
and tabulated in a spreadsheet using Microsoft Excel.  The researcher contacted each affiliate 
by telephone and following a brief introduction and explanation of the purpose of the call, 
were invited to indicate the number of financial members of the affiliate, including the 
number of each gender aged 18 years or older.  For the purpose of estimating the total 
 199 
population of financial members within the region, facilities who were affiliated but not 
actively operating as of late February 2016 were excluded.  Similarly, affiliates registered and 
operating as not-for-profit charities were also excluded. 
 
Risk factors 
Variables intended to be employed in the main study (Chapter 9) as possible aetiological risk 
factors in a regression model were evaluated within the pilot work.  These were: movement 
quality, previous history of musculoskeletal injury, and training workload during the course 
of the monitoring period.  The collection and analysis of self-reported age, gender, 
bodyweight, and height were considered to be routine and are not considered further here. 
 
Movement quality 
The Functional Movement Screen (FMS), as described by Cook et al. (2010a) was 
selected as an indicator of movement quality.  Further information regarding issues 
relating to measurement properties of the FMS are detailed in Chapter 6 (reliability), 
Chapter 7 (validity), and Chapter 5 (Section 2) 
 
Previous history of musculoskeletal injury 
A rationale for investigation of previous injury as a risk factor for subsequent injury is 
provided in Chapter 5 (Section 3).  
 
Workload 
Workload was employed as an injury risk factor.  Determination of workload was based 
on participant reports of session intensity and duration as previously described in 
strength and conditioning athletes (Egan, Winchester, & Foster, 2006; Gabbett, 2010).  A 




Injury and illness 
The term ‘health problem’ was used to reflect either an injury or illness problem.  
Consistent with the International Olympic Committee surveillance approach (Junge et 
al., 2008), health problems were classified as ‘injuries’ if they were disorders of the 
musculoskeletal system, and as ‘illness’ if they involved other body systems (e.g. 
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neurological, respiratory, gastrointestinal etc).  Injuries were further defined as ‘acute’ 
when the onset was attributable to a specific event (i.e. a point in time), or as ‘gradual’ 
when the onset was not attributable to a specific event.   
 
Severity of injury and illness 
Further characterisation of both injury and illness were undertaken using a measure of 
‘severity’ as described by Clarsen et al. (2013).  For each of the four key questions, a 
numerical value between 0 and 25 was assigned according to the extent of impact on 
(Q1) difficulty participating, (Q2) reduction in training volume, (Q3) effect on 
performance, and (Q4) pain.  Table 29 shows the response options and assigned 
numerical values using an example for the knee.  The assigned numerical values for each 
response level were adopted from weightings reported by Clarsen et al. (2013) and are 





Table 29.  Example of severity scoring scheme for the four key OSTRC questions. Items were adapted from 
Clarsen et al. (2013) 
Key Question 1. Have you had any difficulties participating in normal training and competition due to knee 




0 Full participation without knee problems 
8 Full participation, but with knee problems 
17 Reduced participation due to knee problems 
25 Cannot participate due to knee problems 
Key Question 2. To what extent have you reduced your training volume due to knee problems? 
0 No reduction 
6 To a minor extent 
13 To a moderate extent 
19 To a major extent 
25 Cannot participate at all 
Key Question 3. To what extent have knee problems affected your performance during the past week? 
0 No effect 
6 To a minor extent 
13 To a moderate extent 
19 To a major extent 
25 Cannot participate at all 
Key Question 4. To what extent have you experienced knee pain related to CrossFit during the past week? 
0 No pain 
8 Mild pain 
17 Moderate pain 
25 Severe pain 
Notes:  An overall severity score for the one-week period is calculated from the sum of scores for 
Questions 1 to 4.  The questions in this example are phrased for a knee problem, but the scoring scheme is 
identical for all body regions. 
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Data collection procedures 
Overview 
After satisfying eligibility criteria and providing written informed consent, each participant 
provided demographic information (full name, date of birth, self-identified gender, vocation, 
self-reported height and body weight).  Each participant underwent a semi-structured 
interview to record information about their history of CrossFit, previous injury problems, and 
brief medical history (Appendix 9).  In addition, an assessment of movement quality using 
the FMS was undertaken.  Finally, each participant was briefed about the ongoing data 
collection requirements over the course of the six-week monitoring period.  In particular, 
participants were instructed to take note of the duration and intensity of each CrossFit 
workout as these would be the subject of a weekly questionnaire.  Further procedural details 
are described below: 
 
Previous history of injury 
To aid in the systematic collection of information the researcher showed a printed list of body 
regions was presented, and the participant asked “Have you now, or previously, experienced 
a problem with any of the following body regions?”.  Further, participants were requested to 
“please include injuries or problems that arose in the course of any physical activity including 
sport, occupation or recreation” for “as far back as they could recall”.  The list of body 
regions comprised: Head/face, neck, shoulder (including collar bone), upper arm, elbow, 
forearm, wrist, hand/fingers, chest/ribs, abdomen, thoracic spine (described as “upper half of 
your back”), lumbar spine (“lower back”), pelvis and buttock, hip and groin, thigh, knee, 
lower leg, ankle, foot/toes, other (to be specified).  For each injury identified by the 
participant, the following follow-up questions were posed in the form “Thinking about the 
problem, did you…”: 
 
• reduce or modify participation in sport or exercise because of the problem? 
• temporarily stop participating in sport or exercise because of the problem? 
• consult a medical doctor, physiotherapist, osteopath, chiropractor, or other health 
professional? 
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• have an approved Accident Compensation Corporation20 claim for this problem? 
• undergo surgery because of this problem? 
• take any time off work or study because of this problem? 
 
Movement quality 
The FMS was administered by the researcher at the participants own gym using a standard 
FMS test kit (Functional Movement Systems Inc., Virginia).  The researcher held a Level 1 
certification in use of the FMS (Functional Movement Systems Inc., Virginia), and had 
substantial experience in its practical application in both clinical and research contexts 
(Major, 2014).  All FMS procedures were compliant with the detailed descriptions and 
scoring criteria described by Cook et al. (2010a).   
 
Weekly reporting over monitoring period 
Following enrolment, and commencing on the following Sunday evening and continuing for 
six consecutive weeks, participants were sent an email containing a link to an online 
questionnaire intended to monitor injury, health status, and training information for the 
preceding 7-day period.  All emails and questionnaires were administered using the REDCap 
application.  The questionnaire was composed of two parts: 1) Injury and illness reports were 
collected using a modified online version of the OSTRC questionnaires for injury (Clarsen et 
al., 2013) and illness (Clarsen et al., 2014); and 2) To enable analysis of workload, 
participants reported the perceived intensity of each workout using the CR-10 scale of 
perceived exertion (Borg, 1998).  Similarly, participants also reported the duration (in whole 
minutes) for each workout. 
 
Data extraction and analysis 
For each of the six weeks of monitoring, the raw data for each participant was extracted from 
the online REDCap database and exported into a Microsoft Excel spreadsheet for cleaning 
and further analysis.  All injury and illness reports were scrutinised and each illness and 
 
20 Note that the Accident Compensation Corporation (ACC) is a New Zealand Government Crown entity that 
administers the Accident Compensation Act 1972.  The main feature of the Act is the provision of a ‘no-fault’ 
accidental injury compensation to citizens, residents, and visitors to New Zealand who are injured by way of 
accident (including sports, workplace, domestic, and medical treatment injury).  The scheme provides cover for 
medical care, rehabilitation, and loss of earnings for eligible injuries. 
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injury case characterised by symptomology, body region, severity, and time loss.  A case 
(injury, or illness) was operationally defined where the “characteristics of each problem were 
consistent over multiple weeks, and confirmed by a participant’s response to a questionnaire 
item regarding whether the problem had been reported previously”.  
 
Workload 
A workload value was calculated for each workout session by multiplying the participant’s 
CR-10 rating (defined as the session rating of perceived exertion, or sRPE) by the duration of 
the session in minutes (Foster et al., 2001; Sweet et al., 2004).  Subsequently, for each 
participant, a workload for each week was calculated by summation of the session workloads.  
Calculation of further derivative workload indices (e.g. acute:chronic workload ratio) as risk 
factors for injury (Windt & Gabbett, 2016) were not undertaken because these were outside 
the scope of the pilot work. 
 
Response rate to weekly monitoring 
The weekly response rate to weekly monitoring questionnaires was calculated as the number 
of valid completed weekly questionnaires divided by the number of enrolled participants.  
 
Injury and illness prevalence 
For each body region, the prevalence of injury and illness were calculated using the methods 
described by Clarsen et al. (2013) and Clarsen et al. (2014).  For each week of monitoring, 
the prevalence of gradual onset problems was calculated as the fraction of participants 
reporting a problem divided by the number of participants who submitted a monitoring 
questionnaire for the week.  Analogous calculations were undertaken to determine the 
prevalence of acute problems, and the prevalence of illness.  These values were expressed as 
the weekly average by calculating the mean (and 95% confidence interval) over the course of 
the six weeks of monitoring. 
 
Distinguishing between ‘minor’ and ‘substantial’ health problems within prevalence 
calculations 
Gross prevalence fails to account for problem severity, and distinguishing between lower and 
higher severity is informative because of the potential impact of severity on personal 
morbidity and utilisation of health care resources.  Therefore, two levels of problem severity 
(for both injury and illness) were recognised: ‘minor’, and ‘substantial’.  Minor problems 
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were defined where a participant reported ‘minor’ reduction (numerical value = 6) for either 
training volume (Question 2), or performance (Question 3).  Substantial problems were those 
where a participant reported reductions as ‘moderate’ (numerical value = 13), ‘major’ 
(numerical value = 19), or ‘could not participate at all’ (numerical value = 25) for either 
training volume (Question 2), or performance (Question 3).  Subsequently, the prevalence of 
minor problems, and prevalence of substantial problems were calculated for both gradual and 
acute injury for each week and expressed as a weekly average along with a 95% confidence 
interval estimated using the formula of Knowles, Marshall, and Guskiewicz (2006).  
Analogous calculations of prevalence were also undertaken for minor and substantial illness. 
 
Incidence 
The incidence of gradual onset injury was calculated as the number of gradual onset 
problems per 1000 h of exposure, where exposure was based on the values for session 
duration as reported in weekly monitoring.  Analogous calculations were conducted for the 
incidence of acute injury, and the incidence of all injury by pooling both acute and gradual 
onset injuries.  Confidence limits for incidence were estimated using the formula described 
by Knowles et al. (2006). 
 
Severity 
A severity score for each health problem (injury or illness) was calculated each week using 
the sum of numerical values for each of the four key questions.  The cumulative severity 
score for each problem was calculated as the sum of weekly severity scores, and the average 
weekly severity score calculated by dividing cumulative severity by the number of weeks 
where a valid questionnaire was completed.  The impact of each health problem in terms of 








This section initially presents basic descriptive statistics for participants and response rates 
for weekly monitoring.  Subsequently, key findings arising from the pilot work are presented.  
Firstly, findings for each of the a priori objectives are addressed, followed by a posteriori 
findings that became apparent during the conduct and analysis of pilot work, or on critical 
review following completion of data collection.  The structure of this section is presented 
using a ‘lessons learnt’ approach as suggested by Morin (2013), and includes a description of 
each finding, followed immediately by a brief discussion of implications for the planning and 
conduct of the main study. 
 
Participant descriptive statistics 
A total of 12 people (n=8 females, 4 males, mean age ± SD = 37 ± 6 y) responded to 
invitations, satisfied the eligibility criteria, and were enrolled in the study after providing 
written informed consent.  Participant characteristics are displayed in Table 30.   
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1 F 41.7 165 60 Homemaker NZ European / Pakeha 20 4 - N 3 
2 F 43.3 172 61 Homemaker NZ European / Pakeha 17 3 - N - 
3 F 42.4 163 52 Nurse NZ European / Pakeha 17 4 - N - 
4 M 31.3 185 91 Lecturer NZ European / Pakeha 82 6 5 Y 1,2,3,4 
5 F 28.6 178 69 Civil servant NZ European / Pakeha 24 4 - N 1,2,3 
6 M 29.5 180 107 Graphic design NZ European / Pakeha 12 4 1 N - 
7 F 41.9 159 56 Homemaker NZ European / Pakeha 16 5 - N 1,2 
8 F 32.1 160 60 Homemaker NZ European / Pakeha 26 3 - N - 
9 F 38.4 168 70 Broadcasting NZ European / Pakeha 12 4 - N - 
10 F 44.5 167 66 Personal Trainer NZ European / Pakeha 25 4 1 N 1,2,3 
11 M 32.6 179 90 Personal Trainer NZ European / Pakeha 45 3 1 N 1,3 
12 M 39.8 175 85 Lecturer Other European 15 3 1 N - 
 
Notes:  a = ethnicity was self-reported based on categories used by Stats NZ Tetauranga Aotearoa; b = The CrossFit Open is an international online competition operated by CrossFit 
Inc.;  c = personal coaching may reflect elevated motivation for high-performance and competitive success; d = to indicate participant experience in fitness competitions analogous to 
CrossFit, the following four levels were used: 1 =  ‘Local informal - Informal competition organised between a small number of local CrossFit gyms, 2 = ‘Local competitive’ - 
competition attended mostly by competitors from the same city, 3 = ‘National competitive’ - competition attended by competitors from many provincial regions, 4 = ‘International’ -  
fitness competition with international competitors e.g. CrossFit Regionals, CrossFit Games, or similar. 
Abbreviations: ID = identifier, Y = yes, N = no, F = female, M = male 
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Weekly response rate 
The weekly response rate for completion of the weekly monitoring questionnaire decreased 
over time (Figure 21).  Over the six-week monitoring period the mean ± SD response rate 
was 89 ± 11%. 
 
 
Figure 21.  Response rate for weekly questionnaires (n=12 at week 1, n=9 at week 6) 
 
 
Finding 1. Size of the effect [objective 1a] 
Prevalence of health problems 
A total of 12 health problem cases were registered and comprised seven cases of injury and 
five cases of illness.  The characteristics of each case are displayed in Table 31.  Estimates of 
prevalence for injury and illness are displayed in Table 32. 
 
Incidence of gradual onset injury 
Three cases of substantial gradual onset injury were reported over the course of accumulating 
a total exposure time of 213 h leading to an incidence of 14.1 (95% CI 0 to 30.2) per 1000 h 
of exposure.   
 
Implications for main study 
The estimates of prevalence and incidence calculated here are necessarily crude given the 
small sample.  Nevertheless, at the time of planning the main study there were no other 
published estimates of prevalence or incidence derived from prospective monitoring (see 
Chapter 4).  Although of limited utility, these estimates hold some informative value in 


















sample size calculations for the main study by defining the outer boundaries within which the 
true estimates may lie. 
 
Table 31. Characteristics of injury and illness cases 
 






Body region or 
System 
 
Injury Onset Severity      
 Acute Minor Injury_a 20 0 Torn hand callus  
   Injury_d 28 0 Low back  
  Substantial - - - -  
 Gradual Minor Injury_e 36 0 Wrist  
   Injury_g 14 0 Wrist  
  Substantial Injury_b 168 3 Neck  
   Injury_c 63 3 Low back  
   Injury_f 63 0 Hip/groin  
Illness  Minor Illness_c 54 1 Fatigue/malaise  
   Illness_d 22 0 Respiratory tract  
   Illness_e 31 1 Gastrointestinal  
  Substantial Illness_a 168 14 Respiratory tract  






Table 32.  Average weekly prevalence for injury and illness 
 
  Average Weekly 
Prevalence (%) 
95% CI (%) 
Injury 
 All injury 14.9 0 to 35 
    Gradual Minor 8.1 0 to 23.5 
 Substantial 5.5 0 to 18.4 
    Acute Minor 1.4 0 to 8 
 Substantial 0 n.c. 
    
Illness 
 All illness 10.1 0 to 27 
 Minor 4.6 0 to 16.5 
 Substantial 5.5 0 to 18.4 
Abbreviations: CI = confidence interval, n.c. = not calculable 
 
 
Finding 2. Characteristics of the population [objective 1b] 
Figure 22 shows a map indicating the geographic locations of 48 CrossFit affiliated facilities 
within the region.  Of the 48 affiliates identified, one was outside the geographic boundary, 
four were affiliated but had not commenced trading, one had ceased trading, and one was a 
youth charity.  A further three affiliates were either not able to be contacted, were not 
responsive to messages, or declined to provide information.  Information about membership 
numbers and gender proportion were provided by 37 of 41 (~90%) operating, eligible 
affiliates.  The total population of members at the 37 affiliates was n=3283 of which 52% 
were female.  The mean number of members per affiliate was n=93 (95% CI 80 to 108, min = 
25, max = 230). 
 
Implications for main study 
The identified population characteristics were necessary prerequisites to inform the design of 
a sampling plan for the main study. 
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Figure 22. Indicative geographic locations of CrossFit affiliated facilities within the wider Auckland region as 
displayed on CrossFit Inc., website affiliate finder at late February 2016.  The ‘pin’ marker represents one 
affiliate, values within white circles represent the number of affiliates within close proximity. 
 
 
Finding 3.  Testing of participant recruitment and enrolment procedures [objective 2] 
CrossFit participants tend to maintain patterns of attendance at either morning classes (e.g. 
prior to commencement of the business day), or evening classes.  Scheduling enrolment 
meetings prior to morning classes did not appear to be attractive to many, and post-class 
meetings not possible due to commencement of the business day.  Evening classes typically 
commence between 5-7pm, however, meeting with participants prior to these evening classes 
was not considered feasible because of inflexible work scheduling and traffic congestion.  
Participants tended to avoid scheduling to meet post-class in the evenings because of a need 
to attend personal needs and domestic responsibilities.   
 
Implications for main study 
The availability of prospective participants is constrained by scheduling.  Classes scheduled 
during the day (e.g. weekday mid-morning or ‘lunchtime’ classes) may attract participants 
with more flexible work and domestic schedules.  Anecdotally, people attending morning or 
evening weekday classes often attended a Saturday morning class, which appeared more 
attractive for availability for enrolment meetings.  Furthermore, post-workout fatigue may 
bias movement quality assessment (Armstrong, Brogden, Milner, Norris, & Greig, 2018; 
Kocak & Unver, 2020), and in order to avoid introducing bias related to differences in fatigue 
between participants, movement quality assessments should be performed before workouts. 
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Finding 4.  Duration of initial meeting with prospective participants [objective 2] 
The duration of initial meeting for the purpose of study enrolment (briefing, signing consents, 
review of injury history, movement quality assessment) requires a minimum of 30 minutes 
face-to-face time. 
 
Implications for main study 
Eligibility screening can be undertaken by telephone consultation prior to initial meeting, but 
scheduling of enrolment appointments needs to allow for full briefing and assessments of 
movement quality. 
 
Finding 5.  User testing of OSTRC questionnaire adaptations [objective 3a] 
The originally published OSTRC injury questionnaire addressed three body regions (knee, 
low back, shoulder).  Additional items were generated to include a full range of body regions.  
The text describing the problem symptomology for each body region was drafted and the 
wording of each of the key questions adapted as necessary. 
 
Implications for main study 
The descriptions for additional items appeared to be well understood by all participants, and 
had acceptable face validity.  There were no participant queries related to the phrasing or 
intent of any questionnaire items during the course of the pilot work.  The utility of adding a 
specific item to address torn hand calluses was demonstrated and the item should be retained 
for the main study.  Similarly, the addition of new items to enable localisation of problems 
over a full range of body regions was useful and resulted in registration of problems in other 
body regions not included in the original OSTRC questionnaire including the neck, wrist, and 
hip/groin.  A recent systematic review of injury amongst weightlifting and powerlifting 
participants has identified the wrist as a common location of potential injury (Aasa et al., 
2017).  All of the additional items should be retained for the main study. 
 
Finding 6.  Usability testing of REDCap [objective 3b] 
The weekly distribution of a unique questionnaire link by personally addressed email was 
time-consuming and required close attention to timeliness.  Although achievable for the small 
sample enrolled here, sending email at specific times was vulnerable to failure in case of 
investigator illness, unavailability, or personal circumstances.  For a larger sample, fully 
automated scheduling of emails to distribute weekly monitoring questionnaires would ensure 
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consistent and timely distribution of questionnaire links.  Automated scheduling is available 
within REDCap and should therefore be utilised.  In the field of survey research, usability 
testing is conducted to evaluate the ease with which users can navigate an interface (typically 
a website) and satisfy their goals (Geisen & Bergstrom, 2017).  Findings from usability 
experiments involving web-based tasks such as navigating, entering data, and finding 
information, demonstrate that groups of n=10 users will find 95% (SD 3.2%) of the known 
problems (Faulkner, 2003).  Therefore, the level of certainty for problem detection in basic 
usability testing using the sample of n=12 over a six-week period was considered satisfactory 
for the purpose of the thesis. 
 
Finding 7.  Injury masking by activity substitution [a posteriori] 
‘Injury masking by activity substitution’ became apparent during informal interactions with 
participants during the course of the study.  When experiencing an injury that would result in 
decreased participation, training volume, or pain (i.e. the OSTRC key questions) an athlete 
(typically at the direction of a coach) may adapt the prescribed workout by substituting a 
problematic activity with an alternative that did not interfere with participation, training 
volume, or pain.  For example, if an athlete experienced unilateral shoulder ‘impingement’ 
type pain during an overhead barbell press, substitution with a dumbbell press may enable the 
athlete to avoid shoulder symptoms, but still maintain participation and training volume.  In 
this scenario, the athlete’s unilateral shoulder symptom may not trigger the OSTRC 
questionnaire screening questions, and the shoulder problem not detected using the 
questionnaire. 
 
Implications for main study 
Injury masking by activity substitution could lead to underestimation of injury incidence, 
prevalence, and injury burden/impact.  To mitigate against this, at the time of briefing each 
participant at study enrolment, it is important to ensure the participant understands that 
substitution of a problematic movement task (e.g. ergometer-based rowing is substituted for 
running) be reported using the ‘reduced participation’ questions of the OSTRC. 
 
Finding 8. Consideration of torn hand calluses as injury [a posteriori] 
Informal interactions with participants identified that torn calluses on the palms are 
considered to be a common, if not inevitable consequence of strength movements involving 
grip.  However, at least anecdotally, callus tears are not interpreted as ‘injury’ by most 
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CrossFit participants and despite being uncomfortable, do not typically lead to any 
meaningful time loss or medical consultation.  Callus formation over the palmer surface of 
the metacarpophalangeal joints arises following repetitive friction associated with grip of 
barbell, dumbbell, kettlebell, rings, pull-up bar, and other implements.  CrossFit participants 
routinely employ palm guards (similar to those used in male artistic gymnastics), fingerless 
workout gloves, and/or athletic taping to mitigate against callus formation and tearing 
(Savage, 2008). 
 
Implications for main study 
For monitoring injury of the hand and fingers, it is important to distinguish between callus 
tear and other injury.  Torn calluses are not typically considered to be injurious and reporting 
as injury will inflate injury incidence prevalence.  The addition of a specific question to the 
hand injury section of the injury questionnaire to specifically identify torn calluses is 
necessary to ensure torn calluses can be distinguished from other injuries. 
 
Finding 9. Previous history of injury as a predictor variable [a posteriori] 
The collection of information regarding a participant’s previous history of injury was 
undertaken using an open question format at the initial enrolment interview.  On review of 
the collected data, it was apparent that the presence or absence of previous injury (i.e. 
treatment of this information as a raw dichotomous variable) was not satisfactory, as nearly 
all athletes have at least some previous history of injury.  Critical reflection and consideration 
about how this variable might be usefully defined and analysed lead to identification of the 
extent of recovery as a key characteristic.  Subsequently, review of the literature lead to 
identification of the single assessment numeric evaluation (SANE) (Williams et al., 1999) as 
a method of quantifying the extent of recovery following an injury.  Further background 
information on the SANE is detailed in Chapter 5 (Section 3) 
 
Implications for main study 
Processing of information related to a participant’s previous history of injury could be 






Finding 10. Improving the quality of recall for training sessions and sRPE [a posteriori] 
Participants were requested to complete a weekly report of the training sessions undertaken 
during the previous week including both duration of the session, and the rating of perceived 
exertion for each session.  Although many participants appear to attend classes on the same 
days each week making a one week recall of attendance straight-forward, the intensity of 
each session may vary and is arguably prone to recall bias.  Early descriptions of sRPE 
monitoring of resistance exercise indicate that sRPE ratings be taken 30 minutes following 
conclusion of the workout (McGuigan & Foster, 2004).  This timeframe has been justified on 
the basis of avoiding possible recency effects where periods of lower or higher intensity 
nearer the conclusion of the session may bias ratings when taken immediately following 
exercise cessation (Foster et al., 2001).  However, a 30 minute timeframe may further burden 
participants, and more recently it has been demonstrated that sRPE ratings taken 10 minutes 
following workout cessation generate similar sRPE ratings as those taken after 30 minutes 
(Uchida et al., 2014). 
 
Implications for main study 
The quality of data may be improved by requesting participants complete a training logbook 
following the conclusion of each training session.  Participants should be provided with an 
appropriately formatted logbook to record the duration and intensity (sRPE) of each session.  
Ideally, participants should record sRPE between 10 and 30 minutes following the cessation 







Chapter 8 – Summary points  
• Pilot work was conducted to inform the planning and execution of the main 
study 
• The purpose of undertaking pilot work was to mitigate against various 
uncertainties that could threaten the planning and execution of the main 
study 
• The findings usefully informed planning for the main study by:  
o generating crude estimates of prevalence and incidence to inform 
sample size calculations 
o characterising the population of CrossFit participants within the 
Auckland region to inform the sampling plan for the main study 
o testing participant recruitment and enrolment procedures 
o testing adaptations to the Oslo Sports Trauma Centre questionnaires 
o undertaking usability testing of the REDCap survey platform and 
logic flow paths within the questionnaire 
o identifying the potential for ‘injury masking by activity substitution’ 
and ensuring participants in the main study are briefed about how to 
record this behaviour within the OSTRC questionnaire 
o confirming the need for a specific item to enable identification of 
torn hand calluses 
o identifying a method of quantifying recovery from previous injury 
o identifying a need to provide a logbook to each participant to 
promote timely recording of session intensity and duration and 





Chapter 9  
 
A prospective cohort study of prevalence, incidence and risk factors for 








This chapter builds directly on the foundational work of all previous chapters, and culminates 
here in a prospective study designed to address two of the key research questions of the 
thesis: ‘What is the prevalence and incidence of injury amongst CrossFit participants?’ and 
‘To what extent do movement quality, workload dynamics, and previous injury contribute to 
subsequent injury amongst CrossFit participants?’. 
 
Following is a brief outline describing the ‘thread of argument’ within the thesis to remind 
readers of the sequence of investigation so far, thus locating this chapter in context.  Initially, 
a scoping review explored CrossFit participation and injury (Chapter 2), and provided a 
platform for a subsequent systematic review of injury epidemiology (Chapter 4).  Combined, 
these two reviews support a rationale for the conduct of a prospective cohort study to 
investigate injury epidemiology and risk factors amongst CrossFit participants.  Within the 
field of sports injury research, an understanding of injury epidemiology (specifically injury 
prevalence and incidence) will inform the question “what is the size of the injury problem?” 
specified in step 1 of both the TRIPP framework (Finch, 2006), and van Mechelen’s classic 
injury prevention research sequence (van Mechelen et al., 1992).  Step 2 of the TRIPP 
framework seeks to identify possible aetiological factors and, if modifiable, these may 
become targets for practical injury prevention initiatives.  The main aetiological risk factors 
of interest in this thesis were movement quality, along with workload dynamics and previous 
injury (each addressed in Chapter 5).  The conduct of a prospective study involving 
longitudinal monitoring of participants over time is a challenging task (Windt et al., 2018), 
with many inherent risks for successful data collection and interpretation.  To help mitigate 
against these risks, the pilot work reported in Chapter 8 was undertaken and the findings used 
to directly inform the design and conduct of the study detailed here in Chapter 9. 
 
In broad terms, the aim of the investigation reported here was twofold; firstly, to improve 
understanding of the epidemiology of injury associated with participation in CrossFit; and 
secondly, to examine the potential role of various risk factors for injury within this 







The specific objectives of the study were: 
 
7) To characterise each injury registered during the study period according to: 
d) onset (acute or gradual), and severity (minor or substantial) 
e) categorisation within the Subsequent Injuries Adjusted for Self-reported 
data (SIAS) model (von Rosen & Heijne, 2017); and 
f) impact, as represented by total cumulative severity and total time-loss 
8) To estimate the average weekly prevalence of injury according to onset (acute or 
gradual) and severity (minor or substantial) 
9) To estimate the incidence of injury according to onset (acute or gradual) and severity 
(minor or substantial) 
10) To investigate the strength of association between acute:chronic workload ratio 
(ACWR) and subsequent injury  
11) To investigate the strength of association between movement quality indices and 
subsequent injury  







A prospective observational cohort study was designed, conducted, and reported based on the 
principles outlined by the Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) statement (Vandenbroucke et al., 2007) and STROBE extension 
for Sport Injury and Illness surveillance (STROBE-SIIS) (Bahr et al., 2020).  The operational 
definition for ‘participation in CrossFit’ was “attendance and engagement with a prescribed 
‘workout of the day’ at a CrossFit Inc., affiliated gym”.   The underlying theoretical model of 
injury aetiology for this study was based on both the dynamic, recursive model of injury 




Overview of design 
In brief outline, the study was designed to recruit a sample of recreational CrossFit 
participants and prospectively monitor their ongoing injury and illness status on a weekly 
basis using modified version of the OSTRC questionnaires (Clarsen et al., 2013; Clarsen et 
al., 2014) for a period of 26 consecutive weeks.  A schematic to illustrate the data collection 
timeline is shown in Figure 23.  Injury epidemiology was reported based on injuries 
registered during the monitoring period.  The strength of association between injuries 
registered during the monitoring period and putative injury risk factors (movement quality, 
previous injury history, and workload indices) was also investigated.  Illness related data 





Figure 23.  Schematic to illustrate data collection timeline. Note: OSTRC = Oslo Sports Trauma Research 
Centre questionnaires for injury (Clarsen et al., 2013). FMS = Functional Movement Screen, BAA = Body 
Archetypes Assessment. Items shown in orange text are risk factors, red text indicates outcome variable (injury) 
 
Population and setting 
The population was operationally defined as adults aged >18 years who were financial 
members of an affiliated CrossFit facility located within the Auckland region for which 
information about membership numbers were identified during pilot work (see Chapter 8).   
 
Ethics 
The study was approved by the University of Otago Human Ethics Committee (Reference 
15/032) and all participants provided written informed consent prior to enrolment (Appendix 
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8).  An acknowledgement of the researchers’ request for consultation with the Ngāi Tahu 
Research Consultation Committee was received (Appendix 8). 
 
Participant recruitment 
Determination of sample size 
A sampling plan was developed in consultation with a consultant statistician (AG) of the 
University of Otago.  An initial target sample size was determined with a view to undertaking 
multiple logistic regression for the purpose of exploring injury risk factors.  Peduzzi, 
Concato, Kemper, Holford, and Feinstein (1996) have demonstrated that a minimum target 
sample size n can be determined based on the number of predictor variables k, and p the 
proportion of positive cases in the population (i.e. injury prevalence), where:  n = 10 • k / p.  
Assuming p = 0.25 (a value within the confidence limits identified in pilot work, see Chapter 
8), and k = 3, an initial target sample size of n = 120 was calculated, and subsequently 
adjusted to n = 145 to allow a drop-out rate of ~20%.  In order to make contact with 
individual prospective study participants, contact with CrossFit affiliated gym owners was 
necessary because there was no feasible method of making contact with candidate 
participants except via affiliated gyms.  Each gym represented a ‘cluster’ of potential 
participants, and the cluster was the randomly selected unit of sampling. 
 
Sampling  
A list of CrossFit affiliated gyms for which membership data were identified during pilot 
work (Chapter 8) was compiled, and a stratified random sampling approach used to generate 
a random sample of affiliated gyms.  The probability of randomly selecting an individual 
gym was proportionally adjusted according to the size of membership at each gym relative to 
the size of the population.  Using this ‘probability proportional to size’ approach, a 
randomised list of affiliated gyms was generated using the random function within a 
Microsoft Excel spreadsheet.  The first of the randomly selected affiliated gym owners was 
then contacted using email and followed-up with a telephone call to introduce the study and 
request permission for the researcher to attend the gym for the purpose of seeking 
expressions of interest from gym members for study participation.  If agreeable, 
arrangements were made with the owner for the researcher to post recruitment posters within 
their premises (see Appendix 10), and make verbal announcements at the commencement of 
scheduled classes to invite participation.  If the owner declined to facilitate study recruitment, 
the next of the randomly selected affiliates was contacted and the process repeated.  In order 
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for one researcher to manage the workload of recruitment and participant enrolment, only one 
affiliated gym was actively targeted for recruitment at a time.  ‘Active’ recruitment (i.e. 
researcher attendance at evening, mid-morning, and weekend scheduled classes to make 
verbal announcements at scheduled classes), continued at each site until expressions of 
interest declined to < 2 enquiries per week, at which time the focus of active recruitment 
shifted to the next randomly selected, agreeable, affiliated gym within the region.   
 
Participant eligibility criteria 
Eligibility to participate was based on the following criteria.  For inclusion, prospective 
participants were required to (a) be aged ≥18-years as of the date of enrolment, (b) be a 
current financial member of a gym affiliated to CrossFit Inc., and hold a membership type 
that permitted attendance at a minimum of two training sessions per week, (c) have daily 
access to an internet enabled computing device, (d) indicate their intention of maintaining 
participation in CrossFit over the intended study period.  The exclusion criteria were: (e) 
participation in structured exercise training, or sporting competition inconsistent with the 
operational definition of CrossFit at a frequency greater than one session per month, (f) 
currently injured at the time of study recruitment, (g) self-identification as a high-
performance athlete intending on competing in CrossFit or analogous functional fitness 
competitions on a professional or semi-professional basis; and (h) were currently pregnant, or 






Three variables were used as candidate injury risk factors, these were:  movement quality, 
previous history of musculoskeletal injury, and workload during the course of the monitoring 
period.  The rationale for selection of these variables is outlined in Chapter 5.  Detailed 
descriptions of data collection procedures for each of these variables were previously detailed 
in the reporting of pilot work (Chapter 8). 
 
Movement quality assessment 
In response to apparent limitations in the face validity of FMS tests applied to the movement 
demands required in the CrossFit setting (see Chapter 5, Section 2), an additional measure of 
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movement quality, the Body Archetypes Assessment (BAA) test battery, was administered 
according to a standardised protocol (Appendices 2 and 3).  The BAA was first described by 
Starrett (2013), and was specifically designed for application within the context of strength 
and conditioning for the purpose of enabling applied practitioners to identify mobility 
restrictions that may compromise movement quality.  Each of the BAA tests represents an 
‘archetype’ that may reflect foundational patterns required for satisfactory performance of 
strength and conditioning movements (Starrett, 2013).  Detailed scoring criteria for the BAA 
have not previously been defined, and were therefore developed specifically for use within 
this study (Appendices 2 and 3).  To date, the measurement properties of the BAA have not 
been established.  Nevertheless, the BAA was employed because of the favourable face 





In accord with the pilot work reported in Chapter 8, the term ‘health problem’ was used to 
reflect either an injury or illness problem.  Consistent with the International Olympic 
Committee surveillance approach (Junge et al., 2008), health problems were classified as 
‘injuries’ if they were disorders of the musculoskeletal system, and as ‘illness’ if they 
involved other body systems (e.g. neurological, respiratory, gastrointestinal etc).  Particular 
care was taken to record whether each registered injury was considered by the participant to 
be attributable to their participation in CrossFit.   
 
Traditionally, three definitions of ‘injury’ (‘any physical complaint’, ‘medical attention’, and 
‘time loss’), have been employed in sports injury epidemiology (Verhagen & van Mechelen, 
2010), but these definitions have attracted criticism and may underestimate injury risk (Bahr, 
2009; Clarsen & Bahr, 2014).  Moreover, these definitions may fail to adequately account for 
the impact of an injury problem in terms of the extent of symptoms over time, and loss of 
sports participation and performance (Clarsen et al., 2013).  Therefore, each registered injury 
was characterised according to: 
 
1) Categorisation of each injury as an index, or subsequent injury according to the 
SIAS model (von Rosen & Heijne, 2017). Operational definitions for the terms 
‘recurrent injury’, ‘new injury’ are displayed in Table 16 (Chapter 5). Similarly, 
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operational definitions for the state of recovery from injury ‘fully recovered’ or 
‘not fully recovered’ are displayed in Table 18 (Chapter 5) and were based on 
application of the SANE as described in Chapter 5, Section 3. 
 
2) Injury onset and injury severity: 
 
a) Injury onset was operationally defined as either ‘acute’ – attributable to a 
specific event (i.e. a point in time), or ‘gradual’ – when the onset was not 
attributable to a specific event; 
 
b) Injury severity was operationally defined as being ‘minor’ or ‘substantial’ 
according to the participants’ response to the OSTRC key questions (Clarsen 
et al., 2013; Clarsen et al., 2014)) (see also Table 29, Chapter 8).  ‘Minor 
injuries’ were defined where a participant reported ‘minor’ reduction for 
either training volume (Question 2), or performance (Question 3).  
‘Substantial injuries’ were those where a participant reported reductions as 
‘moderate’, ‘major’, or ‘could not participate at all’ for either training volume 
(Question 2), or performance (Question 3); 
 
c) Each injury was further categorised by onset and severity into one of the 
following:  acute-minor, acute-substantial, gradual-minor, gradual-substantial 
 
3) Total cumulative severity for each injury: calculated as the sum of weekly severity 
scores (measured in arbitrary units (a.u.)); 
 
4) Time-loss: calculated as the number of days in which the participant reported 
being completely unable to participate in CrossFit because of the injury. 
 
Data collection procedures 
Overview 
Following a written informed consent process (see Appendix 8), each participant provided 
basic demographic information (name, date of birth, self-identified gender, vocation, self-
reported height and weight) and underwent a structured interview of health and injury 
history, and history of physical activity (Appendix 9).  An assessment of movement 
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competency using the FMS and BAA test batteries was also undertaken by the investigator 
(RM) using real-time observation at this session.  Each participant was individually briefed 
about the monitoring requirements with a special emphasis on recording the duration and 
intensity of each CrossFit workout in a printed logbook provided for this purpose (Appendix 
11).  The logbook was considered as an aide-mémoire to assist participant completion of the 
weekly online questionnaire (see Section 4, Chapter 5).  Data from the online questionnaire 
was considered to be definitive and logbooks were not re-collected or audited. 
 
Weekly reporting over monitoring period 
Weekly monitoring of participant self-reports of injury and health status were gathered using 
modified online versions of the OSTRC injury (Clarsen et al., 2013) and health 
questionnaires (Clarsen et al., 2014) (see Appendix 12).  Subsequent to enrolment, every 
Sunday evening over a 26-week period, each participant was emailed a link to an online 
questionnaire for the purpose of recording self-reported participation in physical training, 
injury problems, and health status for the previous seven day period (Sunday 12:01AM to 
Sunday 8:00PM).  If a participant had not completed the weekly questionnaire by 9:00AM 
Tuesday one auto-generated reminder email was sent.  If questionnaire responses were 
ambiguous or unclear, the researcher telephoned the participant for clarification.   
 
Typically, the OSTRC questionnaires have been administered in a format targeting a limited 
number of body regions where existing epidemiological data indicates specific body regions 
are associated with higher injury prevalence and are therefore of particular interest for injury 
prevention research.  In relation to CrossFit, only retrospective self-report questionnaires 
were available to inform the selection of specific body regions for inclusion in the OSTRC 
(Feito & Paul, 2014; Hak et al., 2013; Weisenthal et al., 2014).  Based on the poor 
methodological quality of these studies, it was determined that a comprehensive list of body 
regions would be applied to the OSTRC and presented using branching logic (Harris et al., 
2009) to structure the weekly monitoring questionnaire.  The weekly questionnaire was 
structured to enable concurrent registration of both injury and illness (Figure 24).  
Participants were able to register either a single problem (injury, or illness), or two health 










For each week of monitoring, the raw data for each participant was extracted from the online 
REDCap database and exported into a Microsoft Excel spreadsheet for cleaning and further 
analysis.  All injury and illness reports were scrutinised and each injury case characterised by 
symptomology, body region, severity, and time loss.  Each injury was assigned an identifier 
(e.g. Injury_1, Injury_2…Injury_n), and injuries extending over more than one week were 
linked following review of injury characteristics and confirmed by a participant’s response to 




Calculation of acute:chronic workload ratio 
Workload was quantified for each reported session of CrossFit as the product of session 
duration (whole minutes) multiplied by the participant’s rating of perceived exertion (RPE) 
for that session (Foster et al., 2001; Sweet et al., 2004).  Workload data were arranged in one-
week blocks (Monday to Sunday) and acute workload expressed as the sum of workload for 
each CrossFit session within the block.  For each participant, an acute:chronic workload ratio 
(ACWR) was calculated for every week of monitoring using the uncoupled form of ACWR.  
Windt and Gabbett (2019) define ACWRuncoupled as “the ratio of the most recent week of work 
with the average of the three preceeding weeks”.  Mathematically, this is expressed as:  
ACWRuncoupled = A / 0.3333 * (W2 + W3 + W4), where A = acute workload, and W2, W3, 
and W4 are the workloads for weeks 2, 3, 4 respectively (Windt & Gabbett, 2019). 
 
Movement quality indices 
Eleven indices were derived from the FMS and BAA assessments (Table 33) and each index 
used as putative risk factor to investigate the strength of association with injury.  There were 
insufficient injury cases to permit separate analyses for each of the four injury types and 
therefore all registered injuries were pooled regardless of onset or severity.  
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Table 33.  Movement quality indices and cut-points for categorisation 
Movement quality indices as risk factor Cut-point  
FMS Composite score (out of 21) £13 ³14 
 Presence of pain on any movement No pain reported Pain reported 
 Left-right asymmetry No asymmetries recorded ³ 1 asymmetry recorded 
 Movements scored as “1”  Zero movements scored as 
“1” 
³ 1 movement scored as “1” 
  Zero, or 1 movement scored 
as “1” 
³ 2 movements scored as “1” 
    
BAA Presence of pain on any movement No pain reported Pain reported 
 Left-right asymmetry No asymmetries recorded ³ 1 asymmetry recorded 
 Movements scored as “1” Zero, or 1 movement scored 
as “1” 
³ 2 movements scored as “1” 
  Zero, 1, or 2, movements 
scored as “1” 
³ 3 movements scored as “1” 
  Zero, 1, 2, or 3 movements 
scored as “1” 
³ 4 movements scored as “1” 
  Zero, 1, 2, 3, or 4 
movements scored as “1” 
³ 5 movements scored as “1” 
Notes: FMS = Functional Movement Screen; BAA = Body Archetypes Assessment. For both the FMS and 
BAA, a test score of “1” represents lesser movement quality. 
 
Statistical analysis 
Participant descriptive characteristics 
Descriptive statistics for participant and workload characteristics were generated following 
exploration of normality using the Shapiro-Wilk statistic in conjunction with visual 
inspection of P-P and Q-Q plots, and consideration of skewness and kurtosis.  Normally 
distributed parameters were expressed using mean ± standard deviation (SD), and non-
normally distributed parameters as median (lower quartile, upper quartile).  Comparisons 
between male and female participants on descriptive parameters were made using 
independent samples t-tests, or Mann-Whitney U test as appropriate to the underlying 
distribution. For these analyses a p-value less than 0.05 was considered statistically 
significant.  These analyses were undertaken using IBM SPSS Statistics for Macintosh, v26.0 





The prevalence of injury was calculated using the methods described by Clarsen et al. (2013) 
and Clarsen et al. (2014).  For each week of monitoring, the prevalence of gradual onset 
injuries was calculated as the fraction of participants reporting a gradual onset problem 
divided by the number of participants who submitted a monitoring questionnaire for the 
week.  Analogous calculations were undertaken to determine the prevalence of acute onset 
injuries.  These values were expressed as the weekly average by calculating the mean (and 
95% confidence interval) over the course of the 26 weeks of monitoring. 
 
The prevalence of minor injuries, and prevalence of substantial injuries were calculated for 
both gradual and acute injury for each week and expressed as a weekly average along with a 
95% confidence interval estimated using the formula of Knowles et al. (2006). 
 
Injury incidence 
The incidence of gradual onset injury was calculated as the number of gradual onset 
problems per 1000 h of exposure, where exposure was based on the values for session 
duration as reported in weekly monitoring.  Analogous calculations were conducted for the 
incidence of acute injury, and the incidence of all injury by pooling both acute and gradual 
onset injuries.  Confidence limits for incidence were estimated using the formula described 
by Knowles et al. (2006). 
 
Injury severity 
A severity score for each injury was calculated each week using the sum of numerical values 
for each of the four key OSTRC questions.  The cumulative severity score for each problem 
was calculated as the sum of weekly severity scores, and the average weekly severity score 
calculated by dividing cumulative severity by the number of weeks where a valid 
questionnaire was completed.  The impact of each injury in terms of time loss was calculated 
as the sum of training days lost over the course of monitoring. 
 
Strength of association between risk factors and injury 
For each risk factor (i.e. ACWR, movement quality indices from both BAA and FMS, and 
previous history of injury) a 2x2 contingency table was constructed and the risk ratio (RR) 
and its associated significance test calculated along with a 95% confidence interval (Daly, 
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1998; Sheskin, 2004).  These analyses were conducted using MedCalc Statistical Software 
(MedCalc Software Ltd, Ostend, Belgium). 
 
Descriptors for the magnitude of RR were defined as RR<1.2 ‘trivial’, ≥1.2 to 1.9 ‘small’, 
>1.9 to ≤3.0 ‘moderate’, >3.0 to ≤5.7 ‘large’, >5.7 ‘very large’ (Hopkins, 2002; Hopkins et 
al., 2009).  In order to further interpret the strength of association, magnitude based 
inferences were calculated and interpreted using the methods described by Batterham and 
Hopkins (2006); Hopkins (2007); and Hopkins (2010) as follows.  The smallest worthwhile 
effect for increased injury risk was defined as RR>1.1, and RR<0.91 as the smallest 
worthwhile decrease in risk.  The chances of the true value of the RR being 
beneficial/trivial/harmful were calculated using a custom Microsoft Excel spreadsheet 
(Hopkins, 2007).  If the odds ratio of benefit/harm was <66 and the chance of the RR being 
beneficial >25%, and harmful >0.5%, the effect was deemed ‘unclear’ (i.e. represents 
insufficient precision and implies a larger sample may be necessary).  Otherwise, the effect 
was considered ‘clear’, and its observed magnitude being ‘beneficial’ or ‘trivial’ and the 
chance that it had that magnitude was qualified using the following scale of descriptors: 0 to 
0.5% ‘most unlikely’, 0.5 to 5% ‘very unlikely’, 5 to 25% ‘unlikely’, 25 to 75% ‘possibly’, 






Participant descriptive characteristics 
The study was open for participant recruitment for five months between 9 January 2017 and 
closed with the enrolment of the final participant on 10 June 2017.  Participant recruitment 
ceased before meeting the target sample size because of insufficient rate of accrual and 
exhaustion of available resources.  A total of 35 people responded to recruitment invitations, 
but of these, three failed to satisfy the eligibility criteria.  A total of 32 people satisfied the 
eligibility criteria, and were enrolled in the study after providing written informed consent.21  
However, one participant (ID17) failed to respond to any of the monitoring questionnaires, 
was also non-responsive to follow-up reminders, and was therefore considered to have self-
withdrawn from the study.  Another participant (ID21) initially satisfied eligibility criteria, 
but after one week revealed further information indicating the presence of an ongoing 
musculoskeletal condition acquired prior to study commencement that failed to meet the 
eligibility criteria and was therefore withdrawn from the study.  Therefore, data from 30 
participants (16 females, 14 males) were analysed.  Participant characteristics are displayed 




 Note that all enrolled participants were identified within REDCap and throughout the results using an 
identification number (ID1, ID2 etc).  Initially, 32 people were assigned an identifier, and an additional dummy 
profile (ID3) was generated by the researcher to monitor the correct functioning of data collection systems from 
the perspective of a participant. Thus, 33 identifiers (ID1 to ID33) were issued.  Following the withdrawal of 
participants ID17 and ID21, and exclusion of the researcher’s dummy profile ID3, there are 30 identifiers.  This 
explains the apparent discrepancy between 30 participants, but identifiers ranging from ID1 to ID33. 
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Table 34.  Descriptive participant characteristics 
 
 Overall Female Male Mean 
difference 
95% CI mean 
difference 
p-value 
Number of participants 30 16 14 1.3% a -16, 18% 0.887 b 
Age (y) 31.1 (19.2, 43.5) 32.4 (21.6, 43.2) 31.3 ± 13.3 - - 0.212 c 
Height (m) 1.69 (1.62, 1.76) 1.66 ± 0.05 1.79 ± 0.03 - - - 
Body weight (kg) 74 (66, 82) 71 (62, 80) 80 ± 8.2 - - - 
CrossFit training age (y) 3.1 (2.3, 4.0) 4.0 ± 0.95 1.8 ± 1.3 1.1 0.22, 2.0 0.016 
CrossFit classes per week (n) 3.7 ± 1.6 3.9 ± 1.2 3.5 ± 2.4 0.74 -0.33, 1.81 0.168 
Non-class CrossFit workouts 
per week (n) 
3 (1, 5) 2.1 ± 2.5 3.5 ± 1.3 -0.71 -2.2, 0.76 0.331 
Other exercise sessions per 
week (n) 
1.9 ± 1.3 1 (0.5, 1.5) 2.5 ± 1.9 - - 0.896 a 
History CrossFit Open 
participation (n) 
1.6 ± 1.4 1.7 ± 1.6 1.5 ± 1.3 -0.09 -0.99, 0.81 0.84 
Has personal coach? 26.7% 25% 28.6% 3.6% -26, 33.6% 0.827 b 
Has competition experience? 80% 75% 87.7% 10.7% -19, 37.3% 0.472 b 
Notes: Values are expressed as mean ± SD, or median (lower quartile, upper quartile) as appropriate for the underlying distribution.  Superscript a = 
value is the difference in proportions for males:females between the sample and the reference population of Auckland CrossFit participants (as 
determined from pilot work, see Finding 2, Chapter 8). Superscript b = p-value calculated using N-1 Chi-squared test as described by Richardson 
(2011), and 95% confidence interval calculated using method of Altman, Machin, Bryant, and Gardner (2000). Superscript c = p-value calculated using 
Mann-Whitney U test. All other p-values calculated using independent samples t-test. CrossFit training age represents the duration (y) over which the 
participant reported being regularly engaged in CrossFit. 
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Weekly response rate 
The weekly response rate for completion of the weekly monitoring questionnaire decreased 
over time (Figure 25).  The slope of a simple linear regression was significantly different to 
zero (F1,24 = 99.12, p < 0.001, R2 = 0.81).  Over the 26-week monitoring period the mean ± 
SD weekly response rate was 88 ± 10%. 
 
 
Figure 25.  Response rate for weekly questionnaires (n=30 at week 1, n=18 at week 26).  Dotted line represents 
best fit equation y = -1.2x + 103.9. 
 
 
Descriptive characteristics of training participation and workload 
The mean number of sessions reported over the monitoring period was 3.9 per week (95% CI 
3.7 to 4.0), with a mean weekly duration of 4.2h (95% CI 4.0 to 4.4) including warm-up, 
main workout, and any warm-down.  Figure 26 shows the distribution of mean weekly 
workload for each participant.  For the whole sample, the mean weekly workload was 1644 
a.u. (95% CI 1548 to 1740 a.u.), and the mean chronic workload (4 week rolling average) 
was 1635 a.u. (95% CI 1556 to 1714 a.u.).  The mean ACWR (coupled) was 1.0 (95% CI 
0.96 to 1.04), and mean uncoupled ACWR was 1.08 (95% CI 1.03 to 1.14).  Across all 2,693 
workouts, the mean sRPE was 6.4 (95%CI 6.1 to 6.7), aligning with a Borg descriptor 
between “hard” (6/10) and “very hard” (7/10) (Borg, 1998). 
  
























Figure 26. Distribution of weekly workload for each participant 
  








































Injury characterisation [objective 1a] 
Overall, there were 31 injuries registered during the study, although four were reported by 
participants as being not related to CrossFit (instead, being linked to recreational or other 
activity) and were therefore excluded from further analysis.  Table 35 and Table 36 show the 
characteristics of all registered acute and gradual onset injuries respectively.  Table 37 
accounts for all registered injuries reported by individual participants.  Twelve of 30 
participants registered no CrossFit related injuries, 10 participants reported a single CrossFit 





Table 35. Characteristics of acute onset injury cases  
 







Location Related activity 
Onset Severity      
Acute Minor Injury_1 22 0 Left elbow Rope climbs 
  Injury_9 31 0 Left hip/groin Deadlifts + Thrusters + 
Power cleans (triplet) 
  Injury_11 54 1 Left hip/groin Unclear 
  Injury_27 119 0 Right wrist Handstands + pullups 
(couplet) 
  Injury_31 37 0 Right shoulder Ring muscle-ups 
 Substantial Injury_5 71 2 Low back Squatting 
  Injury_8 81 0 Left knee Running 
  Injury_13 57 0 Right wrist Squat cleans 
  Injury_17 413 1 Left shoulder Snatch 
  Injury_18 132 2 Right shoulder Not CrossFit related 
(netball) 
  Injury_19 246 3 Pelvis/buttock Deadlift thrusters 
  Injury_20 51 0 Neck Shoulder to overhead 
  Injury_21 92 7 Low back Not CrossFit related 
(garden digging) 
  Injury_22 91 3 Left lower leg Running 
  Injury_30 115 0 Pelvis/buttock Kettlebell windmills 




Table 36. Characteristics of gradual onset injury cases  
 







Location Related activity 
Gradual Minor Injury_15 8 0 Left shoulder Power snatch 
  Injury_23 185 0 Right shoulder Butterfly pull-ups 
  Injury_24 8 0 Left knee Squats + running 
(couplet) 
  Injury_25 37 0 Left thigh Sprinting 
  Injury_26 48 0 Low back Heavy deadlifts 
 Substantial Injury_2 83 2 Right ankle Running 
  Injury_3 90 1 Left hip/groin Squatting 
  Injury_4 38 0 Left forearm Unclear 
  Injury_6 73 0 Low back Dumbbell snatch + 
burpee box jumps 
(couplet) 
  Injury_7 51 1 Thoracic and Low 
back 
Dumbbell snatch 
  Injury_10 86 3 Right knee Unclear 
  Injury_12 306 5 Bilateral knee Not CrossFit related 
  Injury_14 60 0 Right hip/Groin Not CrossFit related 
  Injury_16 357 1 Low back Repetitive cycling full 
snatch  
  Injury_28 44 0 Left thigh Large volume leg 
focussed workout 








Table 37.  Injury categorisation for each participant 
 
 CrossFit related  Non-CrossFit related 
 Acute Gradual  Acute Gradual 
Participant 
ID 
Minor Substantial Minor Substantial  Minor Substantial Minor Substantial 
1 Injury_1         
2    Injury_2, 3, 4      
4  Injury_5        
5          
6          
7    Injury_6      
8    Injury_7      
9 Injury_9 Injury_8        
10          
11          
12 Injury_11   Injury_10      
13         Injury_12 
14  Injury_13        
15          
16         Injury_14 
18   Injury_15       
19    Injury_16      
20  Injury_17, 19     Injury_18   
22  Injury_20        
23          
24  Injury_22 Injury_23    Injury_21   
25          
26   Injury_24, 25       
27          
28   Injury_26       
29 Injury_27         
30          
31    Injury_28, 29      
32          
33 Injury_31 Injury_30        




Categorisation of each registered injury according to the Subsequent Injuries Adjusted for 
Self-reported data (SIAS) model is shown in Figure 27.  Of the 27 injuries related to CrossFit 





Figure 27.  Categorisation of all registered injuries according to the Subsequent Injuries Adjusted for Self-report (SIAS). 
 
 
Notes: A subsequent injury is categorised into ‘Recurrent’ (light grey shaded rectangle), or ‘New Injury’ (dark grey shaded rectangle) and then further subdivided on the basis 
of onset (acute = darker blue shading; or gradual = lighter blue shading); and also by state of recovery of the index injury at the time of subsequent injury (fully recovered = 
green shaded circle; or not fully recovered = white circle).  Combining each level results in nine possible categories of subsequent injury, labelled here as SIAS 1 to SIAS 9. 




The impact of each injury category, as represented by total cumulative severity and total 
time-loss, is displayed in Table 38.  
 
 
Table 38.  Descriptive statistics for injury impact 
 Total cumulative severity (a.u.)  Time-loss (days) 
Onset Severity Median (IQR) Min-Max  Median (IQR) Min-Max 
Acute Minor 37 (23) 22-119  0 0-1 
 Substantial 86 (80.25) 51-413  0.5 0-3 
 
Gradual Minor 37 (40) 8-125  0 0 
 Substantial 83 (39) 38-364  1 (2) 0-28 
Notes: a.u. = arbitrary units 
 
Prevalence and incidence of injury. [objective 2 and 3] 







Table 39.  Incidence, and average weekly prevalence of injury  
 
  Average Weekly 
Prevalence (%) 
95% CI (%)  Incidence 
(per 1000 h exposure) 
95% CI 
 All injury a 10.4 0 to 21.3  9.5 6.0 to 13.1 
 Minor b 3.3 0 to 9.7  3.8 1.5 to 6.0 
 Substantial c 7.1 0 to 16.3  5.8 3.0 to 8.6 
 
    Gradual Minor 1.8 0 to 6.6  2.0 0.4 to 3.7 
 Substantial 3.5 0 to 10.1  3.1 1.1 to 5.1 
    Acute Minor 1.5 0 to 5.8  1.7 0.2 to 3.2 
 Substantial 3.6 0 to 10.2  2.7 1.2 to 4.2 
Notes:  a = ‘all injury’ represents average weekly prevalence, or incidence, after pooling all injuries regardless of onset or severity; b = average weekly 
prevalence, or incidence, for both gradual and acute onset minor injuries combined;  c = average weekly prevalence, or incidence, for both gradual and 




Relationship between ACWR and injury [objective 4] 
A flowchart of injury categorisation is displayed in Figure 28.  Of the 27 registered injuries 
related to CrossFit participation, 13 were acute and 14 of gradual onset.  In order to model the 
relationship between ACWR and injury, a valid ACWR must be calculated from the first four 
weeks of monitoring.  Ten of the 27 injuries were registered within weeks 1 to 4, and were 
therefore not eligible for inclusion in modelling.  Of the remaining 17 injuries, two occurred 
within the 1-week lag period following an ACWR outside the ‘sweet spot’ range of 0.75-
1.45, and the remaining 15 injuries were reported in a week following an ACWR within the 
range 0.75-1.45.  There were no injuries reported in a week where the reference ACWR was 
incalculable because of missing data, thus, missing data did not adversely impact the integrity 







Figure 28.  Flowchart for classification of registered injuries.   
Notes: ACWR = acute:chronic workload ratio.  “sweet spot” refers to an ACWR range between 0.75 and 1.45 
for uncoupled ACWR (Windt & Gabbett, 2019). - = indicates zero cases.  Colour shading is indicative of “too 




Strength of association between movement quality indices and injury [objective 5] 
The strength of association between movement quality indices derived from FMS, or BAA, 
and subsequent injury is displayed in Table 40.  None of the movement quality indices 
derived from the FMS (including composite score, left-right asymmetry, number of low 
scores) were associated with a risk ratio where the lower limit of the confidence interval 
exceeded the smallest worthwhile change RR>1.1.  As a risk factor, the presence of pain on 
any movement could not be analysed because no participant reported the presence of pain for 
any of the FMS movement tests at the time of enrolment.  Considering the observed RR using 
a magnitude-based inferences approach, the chances of the true value of the RR in the 
population for any of the examined indices being ‘beneficial’ did not exceed the threshold of 
75% where clinical use is clearly supported on the basis of a ‘likely’ benefit (Hopkins, 2007, 
2010).  Notably, for the risk factor: ³ 1 left-right asymmetry, the chance of the true value of 
the RR in the population being negatively associated with injury (i.e. ‘harmful’) was 85%, 
thus providing clear evidence against its use.  Overall then, none of the FMS derived indices 
considered here were associated with elevated risk of subsequent injury. 
 
Of the six indices derived from BAA testing, the strength of association for ‘pain on any 
movement’ or ‘left-right asymmetry’ was not calculable because of nil reports of pain on any 
of the BAA movements, and only two instances of left-right asymmetry.  Considering the 
strength of association between the number of BAA tests assessed in the lowest category (i.e. 
a score of “1”) and subsequent injury, the RR calculated for both ³ 2 and ³ 3 movements 
scored as “1” did not exceed the smallest worthwhile effect.  However, the presence of ³ 4 
movements (out of the 8 scored movements) scored as “1” was associated with a clearly 
interpretable association with subsequent injury, with the chance of the true value of the RR 
in the population being ‘beneficial’ (i.e. RR>1.1) calculated at 96%, thus favouring its use.  
Interpretation of the strength of association between ³ 5 movements scored as “1” and 
subsequent injury was less clear, with the chance of a ‘beneficial’ association in the 
population calculated as 74.7%, just below the threshold of 75% at which a ‘likely’ benefit 
was defined.   
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Table 40.  Strength of association between movement quality derived indices and injury 
 
  Conventional analysis  Magnitude based inferences  
      Chances that the true value of the RR is…  
 Risk factor RR (95% CI) p-value  RR 
(x /÷ 90% CL) 
Beneficial Trivial Harmful Practical decision 
FMS 13/14 point cut-off composite 
score 






Unclear, don’t use, 
collect more data 
 Presence of pain on any 
movement 
n.c. -  - - - - - 
 Presence of one or more left-
right asymmetry 






Likely harmful, don’t use 






Unclear, don’t use, 
collect more data 






Unclear, don’t use, 
collect more data 
BAA Presence of pain any 
movement 
n.c. -  - - - - - 
 Left-right asymmetry n.c. -  - - - - - 






Unclear, don’t use, 
collect more data 






Unclear, don’t use, 
collect more data 






Very likely beneficial, 
consider using 






Unclear, don’t use, 
collect more data 
Notes: No participant reported the presence of pain on any of the FMS or BAA movements, therefore, pain was not calculable (n.c.) as a risk factor 
RR = risk ratio, CL = compatibility limits (see Hopkins (2007) and Hopkins (2010)), CI = confidence interval 
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Previous history of injury as risk factor for subsequent injury [objective 6] 
Of the 27 CrossFit related injuries, there were ten instances where the participant had 
reported a previous history of injury at the same location.  The strength of association 
between a previous history of a correlated injury implied a protective effect (RR = 0.55, 95% 
CI 0.37 to 0.83, p = 0.004).  Here, correlated injury was operationally defined as a previous 
injury reported to have occurred at the same location (i.e. body region and, if applicable, 
left/right) as the registered injury.  Expressed using a magnitude-based inferences approach, 
the chances of the true value of the RR in the population being ‘Harmful’ was ‘very likely’ 
99%, thus indicating that prior injury history was not useful as a marker for risk of 







The aims of the investigation reported here were twofold; firstly, to improve understanding of 
the epidemiology of injury associated with participation in CrossFit; and secondly, to 
examine the potential role of various risk factors for injury within this population.  In this 
section, the main findings of the study are discussed in order of the stated objectives, 
followed by discussion of methodological issues including strengths and limitations.  Finally, 
recommendations for further work are presented. 
 
Injury characterisation [objective 1] 
One of the strengths of this study is that injuries were differentially characterised according 
to onset (acute or gradual), severity (minor or substantial), and time-loss.  This approach is a 
major extension of previously reported methods amongst CrossFit related injury studies, all 
of whom have reported findings based on singular injury definitions that did not 
comprehensively account for differential types of injury.  The injury characterisation 
employed in this study provides a more nuanced and informative response to the classic 




Severity, a measure of injury impact, has been promoted since publication of the earliest 
sports injury consensus statements (e.g. Fuller et al. (2006)).  Severity has traditionally been 
reported in terms of complete time-loss from training or competition, but this fails to 
adequately represent injury consequence that does not involve complete cessation of 
participation as is particularly common with gradual onset injuries (Clarsen, 2017).  More 
recently, a measure of severity based on reduction in participation and training volume has 
been described as part of the OSTRC methodology (Clarsen et al., 2013; Clarsen et al., 
2020), and was adopted here alongside the traditional measures of time-loss.  Within the 
CrossFit population, measures of severity incorporating reduction in participation, rather than 
time-loss, are particularly important.  In this sample, reporting of time-loss alone would have 
substantially underestimated the impact of injury.  For example, considering ‘substantial 
gradual onset’ injuries (see Table 38), the median total cumulative severity was 83 a.u.,22 but 
the associated median time-loss was only 1 day.  While strong arguments in support of 
quantifying injury impact in all sports injury research have been made (Bahr, 2009; Bahr, 
Clarsen, & Ekstrand, 2018), two specific points in favour of adopting this approach within 
the CrossFit setting are proposed.  Firstly, the apparent discordance between low time-loss 
but higher severity scores may reflect a tendency of CrossFit participants to adapt their 
workouts to accommodate the limitations and constraints of injury.  In both the pilot work 
(Chapter 8) and this study, it was informally observed that in order to maintain participation, 
athletes would modify a prescribed workout (typically in consultation with a coach) by 
substituting a potentially troublesome exercise or movement, with another, less troublesome 
exercise (i.e. ‘injury masking by activity substitution’ – see Finding 7, Chapter 8 for further 
description).  If injuries had been characterised on the basis of time-loss alone, this activity 
substitution behaviour would lead to underestimation of severity.  Secondly, there is some 
limited evidence, based on one study of 603 CrossFit athletes (Lichtenstein & Jensen, 2016), 
that ~5% of CrossFit participants may develop exercise addiction, a psychological state 
associated with “the tendency to continue exercising in spite of injury” (p. 33).  This finding 
has not yet been replicated, but if verified in other studies, would suggest that time-loss injury 
characterisation would likely result in underestimates of severity in this group. 
 
 
22 Note that, to date, no descriptors (e.g. mild, moderate, severe) for interpretation of total cumulative severity 
values using the OSTRC methodology, nor the associated time-loss, have been described. 
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The hypothetical concept of ‘injury masking by activity substitution’ requires further 
exploration for its validity, and careful attention to data collection methods in future studies 
of injury epidemiology of CrossFit participants may be necessary to formally investigate and 
characterise this behaviour.  Aside from its methodological implications, if activity 
substitution is a common practice amongst CrossFit participants, this may be beneficial in 
reducing time-loss, particularly for less severe injuries, and support ongoing engagement in 
exercise and its many resulting health benefits.  Time-loss following sports injury has been 
associated with many negative social, psychological and contextual factors that impair 
recovery and aggravate return-to-sport (Smith, 1996; Truong et al., 2020).  If appropriately 
managed, the broad spectrum of exercise options within CrossFit may offer opportunities for 
ongoing, but modified, participation that could mitigate against the many negative outcomes 
associated with sports related injury.   
 
Measures of burden in sports injury research are immature and further development is 
needed 
While the OSTRC methodology for estimating severity has become popular within the 
literature,23 and although clearly superior to the use of time-loss measures within the CrossFit 
context, the OSTRC methods are not without limitations.  The inaugural 2020 ‘Methods 
Matter’, a meeting of 25 international sports injury methodologists, identified that within 
sports injury research, there is not yet a consensus for either definitions, or statistical 
analyses, of severity or burden (Nielsen et al., 2020).  Although the meeting recognised the 
value of further developing sports injury related measures of severity and burden, there was 
also some caution expressed about the potential for reduction of complexity when presenting 
severity/burden as a single composite numerical value as occurs using the OSTRC methods.  
For now, other than the OSTRC methods, there are few other available approaches within 
sports injury research to quantify severity/burden, and further work to improve understanding 
of sports injury related burden is underway (Bahr et al., 2018). 
 
Improved understanding of injury impact and contextual factors within CrossFit 
Regardless of the methodological issues associated with attempts to quantify injury impact, 
the goal of better understanding injury impact is an important undertaking and could be of 
 
23 As of 26 September 2020 a citation search using Scopus (Elsevier B.V.) for the article reporting development 
of the OSTRC questionnaire (Clarsen et al., 2013) had received 279 citations. 
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particular interest to rehabilitation providers working with injured CrossFit athletes.  Some 
commentators have suggested that rehabilitation providers may commonly misunderstand the 
nature of CrossFit and its participants (Butcher & Feito, 2017).  In addition to further 
quantification of impact, the use of qualitative methods could generate further insights into 
the experience of both rehabilitation providers and athletes (including both recreational and 
elite competitors) as they navigate the demands of injury rehabilitation alongside ongoing 
exercise participation.  Studies exploring the athlete and rehabilitation provider experiences 
would also help clarify the context and culture in which injury prevention initiatives need to 
be implemented (Finch, 2006).   
 
Average weekly prevalence of injury [objective 2] 
There appear to be no previous prospective cohort studies reporting injury prevalence for 
CrossFit participants and this study may therefore be the first to do so.  At least eight studies, 
all of them cross-sectional designs (see detailed appraisal in Chapter 4) including seven at 
‘high’ risk-of-bias (Chachula et al., 2016; Escalante et al., 2017; Feito, Burrows, et al., 2018; 
Hak et al., 2013; Montalvo et al., 2017; Tafuri et al., 2019; Weisenthal et al., 2014), and one 
at ‘moderate’ risk-of-bias (Mehrab et al., 2017) have reported findings for injury prevalence.  
Amongst these studies, injury prevalence has been calculated as the proportion of participants 
who reported an injury over the recall period, but the divergent injury definitions, high 
methodological heterogeneity, and the risk-of-bias evident amongst these studies renders 
these findings of limited value.  Here, prevalence was reported for each of the differential 
injury categories, and rather than crude estimates of prevalence based on retrospective recall 
periods, a more refined approach was undertaken by calculating average weekly prevalence 
(Clarsen et al., 2013; Clarsen et al., 2014).  The use of prospective weekly monitoring 
enables more interpretable and less biased estimates of prevalence, and reporting of average 
weekly prevalence has been widely adopted within longitudinal studies utilising repeated 
serial measurements (e.g. von Rosen, Heijne, Frohm, Fridén, and Kottorp (2018); Leppänen 
et al. (2019); Harøy et al. (2019)).  The reporting of average weekly prevalence also provides 
insight into change over the course of a competitive season (Bahr et al., 2020), and within the 
CrossFit context, would be particularly useful when applied to competitive athletes prior to, 





Injury incidence [objective 3] 
While at least six cross-sectional studies, all at high risk-of-bias (see detailed appraisal in 
Chapter 4), have reported injury incidence amongst CrossFit participants (Escalante et al., 
2017; Feito, Burrows, et al., 2018; Hak et al., 2013; Minghelli & Vicente, 2019; Montalvo et 
al., 2017; Summitt et al., 2016), to the author’s knowledge, this study is only the second after 
S. Moran et al. (2017) to report injury incidence findings using a prospective cohort design.  
Further, this study appears to be the first to report injury epidemiology for CrossFit based on 
randomised sampling with all previously reported studies using non-randomised sampling 
designs.  While the Chapter 4 synthesis of cross-sectionally derived incidence ranged 
between 0.27 to 3.3 injuries per 1000 h is arguably in the lower range and comparable to 
many other sports, here the confidence interval for ‘all injury’ incidence was substantially 
higher at 6.6 to 12.5 injuries per 1000 h.24  Setting aside previous cross-sectionally derived 
estimates of incidence, perhaps the most comparable previous estimate of incidence was 
reported by S. Moran et al. (2017) whose confidence interval for ‘all injury’ incidence (1.3 to 
3.3 injuries per 1000 h) is clearly lower and does not overlap the confidence interval reported 
here.  It is not clear why the incidence here is higher than previously reported findings, 
however, the findings of cross-sectional studies should be discounted given the high risk-of-
bias apparent in their derivation.  Comparison with the prospectively designed, high risk-of-
bias study of S. Moran et al. (2017) (see Chapter 4) is more appropriate, and the higher ‘all 
injury’ incidence observed here could be at least partially attributable to difference in injury 
definitions between the studies.  Differences in injury definitions are well-known to impact 
on injury incidence (Kluitenberg et al., 2016).  The injury definition employed by S. Moran et 
al. (2017) was “any physical complaint that was sustained during CrossFit training that 
resulted in a participant being unable to take a full part in future CrossFit training” (p. 1148).  
This definition is closer to that of the ‘substantial’ injury definition deployed here (i.e. where 
a participant reported reductions as ‘moderate’, ‘major’, or ‘could not participate at all’ for 
either training volume, or performance).  However, the 90% confidence interval1 for 
substantial injury incidence here was 3.5 to 8.1 per 1000 h, and does not overlap with the 
lower interval of 1.3 to 3.3 injuries per 1000 h reported by S. Moran et al. (2017).  Thus, the 
clear differences in injury incidence between S. Moran et al. (2017) and this study do not 
 
24 Note that S. Moran et al. (2017) report 90% confidence intervals, whereas the more conventional 95% 
confidence interval was reported in Results (Table 5).  To enable direct comparison with S. Moran et al. (2017), 
re-calculation using 90% limits was undertaken and these values are presented here in discussion text.  
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appear to be well explained by differences in injury definitions.  It would be premature to 
draw strong conclusions regarding the incidence of injury based on just two prospective 
studies.  A more definitive understanding of injury incidence related to CrossFit participation 
may emerge as further good quality longitudinal studies are reported in the literature, and 
meta-analysis becomes feasible. 
 
Strength of association between acute:chronic workload ratio and subsequent injury 
[objective 4] 
Overall, participants in this study demonstrated low variance in ACWR with the mean for all 
participants approximating 1.1, a value that falls within the ‘sweet spot’ range for low injury 
risk (Gabbett, 2018).  This stability in week to week workload can be appreciated on 
inspection of individual workload data (Figure 2).  The stability of ACWR observed in this 
sample is attributable to three main determinants: 1) the uniformity of session intensity, 2) the 
standardised duration of 60 minutes for each workout session (consistent with typical 
CrossFit affiliate practices for group classes); and 3) in this sample, the low variation in 
number of weekly sessions (95%CI 3.7 to 4 sessions per week).  If the stability of these 
parameters is typical of recreational CrossFit participants generally, it suggests that ACWR 
may not be a viable injury risk factor in this group. 
 
The role of ACWR as a risk factor for injury as described in the workload-injury model by 
Windt and Gabbett (2016) has attracted considerable research attention within the sports 
injury literature (Gabbett, 2018).  Although many of the methodological details involved in 
treating workload are the subject of ongoing debate (e.g. Lolli et al. (2019); Lolli et al. 
(2018); Wang et al. (2020)), the general principles described in the model are largely 
supported by a growing evidence base across a wide range of sports (Gabbett, 2018; Windt et 
al., 2018).  Surprisingly, to date, there appears to be only one previous study investigating 
ACWR and injury relationships in CrossFit (Williams et al., 2017), or any other analogous 
form of high-intensity exercise.  Williams et al. (2017) investigated the interactions between 
heart-rate variability (HRV), workloads (using ACWR), and risk of gradual obnset injury 
(collected weekly using the OSTRC questionnaire) over a 16 week monitoring period in a 
convenience sample of six competitive CrossFit athletes (3 male, 3 female).  Williams et al. 
(2017) report that HRV was a moderating factor in the relationship between ACWR and 
injury, such that high ACWR (i.e. elevated risk according to the workload-injury model 
Windt and Gabbett (2016)) were well tolerated when HRV was ‘normal’ or ‘high’, but when 
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‘low’ HRV was observed in combination with high ACWR the relative risk of injury was 
raised (relative risk 2.6, 90% CI 1.4 to 4.9).  Although this finding should be interpreted 
cautiously given the sample of only six participants, the study does suggest that ACWR may 
be a useful parameter in the CrossFit context, especially when coupled with HRV monitoring.  
However, for CrossFit coaches responsible with programming workouts for group classes, 
actively managing ACWR is logistically impractical for the majority of recreational 
participants, but could be of interest to competitive athletes pursuing individualised 
programming. 
 
Frailty modelling has been recommended as the preferential analytical approach to explore 
the relationship between ACWR and injury (Ullah, Gabbett, & Finch, 2014).  However, this 
modelling was precluded by the observation of only two injury cases within the period 
associated with an ‘at risk’ ACWR in the preceding week, and further, by the paradoxical 
occurrence of 15 injuries associated with an ACWR within the ‘sweet spot’ range where the 
workload-injury model predicts low injury risk (Windt & Gabbett, 2016). 
 
Appropriateness of injury-workload model within the CrossFit setting? 
The injury-workload model is premised on negative adaptations for internal risk factors (e.g. 
impaired soft-tissue resilience, altered neuromuscular control) that occur when ACWR 
increases rapidly (i.e. ‘spikes’ in workload) (Windt & Gabbett, 2016).  It is important to 
recognise that the workload-injury model was initially developed within sports with clearly 
defined ‘seasons’ of competition including cricket fast bowlers (Hulin et al., 2014), rugby 
league (Hulin et al., 2016), and soccer (Ehrmann et al., 2016).  For sports with clearly defined 
competitive seasons (e.g. pre-season training, ‘in-season’ training and competition, followed 
by ‘off-season’ training), the workload of training and competition will change according to 
the phase of season.  It is this change in workload in response to phase of season that 
provides the context in which “errors” in managing workload across a season can occur 
(Gabbett, Hulin, Blanch, & Whiteley, 2016).  
 
In addition to changes in workload associated with seasonality, physical preparation for 
competitive sport, particularly in the context of high-performance environments has been 
conventionally based on a ‘periodised’ approach to programming of training and competition 
(Bompa, 2019).  Periodised training is a dominant underlying principle in contemporary 
sports coaching and exercise science and a cardinal feature is the systematic organisation of 
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preparation with the aim of achieving peak performance at specific points in time 
corresponding to the most important competitions (Smith & Norris, 2012).  In simple terms, 
application of periodisation principles involve manipulation of ‘cycles’ of workload (and 
other preparatory activities e.g. mental skills, tactical knowledge) viewed through different 
time-frames, each with a specific defined purpose.  Conventionally, three cycles are 
recognised, these are the ‘micro-cycle’ – typically a 7-day period corresponding to a calendar 
week, the ‘meso-cycle’ – composed of a number of micro-cycles (usually 4-6 weeks); and the 
‘macro-cycle’ or ‘annual training plan’ that incorporates three distinct phases (preparation, 
competition, and transition) within which meso- and micro-cycles are arranged (Smith & 
Norris, 2012).  A fundamental task of periodised training is the management of workload 
over these cycles. 
 
In view of the ‘seasonality’ and ‘periodisation’ context in which the injury-workload model 
was developed, the extent to which the injury-workload model is appropriate within the 
CrossFit context requires careful consideration.  Here, a distinction needs to be made between 
application of the model within the ‘recreational context’ and the ‘competitive context’.  The 
recreational context is typified by participation in group classes at an affiliated CrossFit gym 
(i.e. the sample recruited within the current study).  In contrast, the competitive context is 
typified by athletes engaged in preparation for CrossFit competition with a goal of achieving 
competitive success, and whose programming is personalised and may involve individualised 
coaching. 
 
Within the recreational context, the injury-workload model may not be well suited for the 
investigation of injury epidemiology for at least three reasons.  Firstly, in its recreational 
form, as offered in group classes at CrossFit affiliates, there are few, if any, elements of 
‘seasonality’.  Anecdotally, CrossFit classes are available at affiliated gyms with a weekly 
scheduled availability that remains highly stable over time, and at least in this study, the 
variance in the mean number of workouts undertaken per week over the period of 26 weeks 
was minimal.  Informal review of raw training data suggests a high degree of stability in the 
pattern of weekly attendance, with many participants attending classes on the same days over 
the course of the monitoring period.  At least in this sample, the evident monotony of 
workload observed here does not favour application of an injury-workload model premised 
on improving the management of what has been termed “errors of training load” (Gabbett et 
al., 2016).  Secondly, although the period surrounding the annual CrossFit Open may 
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represent a ‘season’ of sorts, it is this author’s observation that most recreational athletes will 
participate in the Open within the weekly pattern of their routinely scheduled workouts.  
Thirdly, educational materials describing the CrossFit methodology propose the adoption of a 
‘three days on, 1 day off’ pattern of daily workouts, although practical difficulty with 
scheduling over the course of a five-day working week are recognised and ‘five days on, 2 
days off’ has also been endorsed (CrossFit Inc., n.d.).  Later materials suggest that a 
frequency of 3 to 4 sessions per week is appropriate for ‘beginners’25, stating also that “with 
good CrossFit programming characterised by variation, athletes should see gains for a long 
time”, thus demonstrating the promotion of a pattern of programming that is not consistent 
with a periodised approach.26  While little is known about the how CrossFit affiliated gyms 
undertake their workout programming, or how intensity and volume may vary over time, it 
appears that the constraints of scheduled classes appropriate for the majority of members 
tends to generate uniformity of session duration (e.g. 60 minutes) and intensity (‘hard’ to 
‘very hard’).  Coupled with a tendency of participants to maintain consistency in the number 
of training days undertaken, these factors combine to generate stable ACWRs.  Based on 
these three arguments, it is proposed that the appropriateness of the injury-workload model 
for recreational CrossFit participants should not be automatically assumed simply because the 
model has been successfully used in other sports, but should be subject to formal evaluation 
for its suitability within the recreational CrossFit context. 
 
Application of the injury-workload model to investigate injury aetiology may be more 
appropriate within the competitive context than in the recreational context.  To date, there has 
been a near absence of scholarship pertaining to the practices of competitive CrossFit 
 
25 ‘Beginner’ was described as “… someone new to CrossFit. He or she may or may not have previous athletic 
experience. Generally, beginners are classified as those individuals who see significant progress every time they 
test a benchmark workout or lift.” This description appears to most closely describe the majority of recreational 
CrossFit participants as recruited in the study sample.  
26 As an organisation, CrossFit has published several strong critiques of the classical periodised approach within 
strength and conditioning (Kilgore, 2015, 2017) arguing that while there exist multiple studies demonstrating 
the effectiveness of classical periodisation in strength and conditioning, there exists sparse and poor quality 
evidence of its superiority over any other systematically applied model of training (Kilgore, 2017).  The veracity 
of this argument is not of direct interest here, the point illustrated is that the prevailing view of the CrossFit 
organisation is that periodisation may not be as well underwritten by scientific evidence as its widespread 
adoption might suggest.  
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athletes, with just one study describing the tapering practices of ‘elite’ athletes competing at 
the 2018 CrossFit Regionals and Games events.  In their survey of 72 athletes, Pritchard, 
Keogh, and Winwood (2020) identified that all but one athlete reported undertaking a ‘taper’ 
in preparation for competition.  Tapering is a practice of reducing fatigue while concurrently 
minimising loss of fitness, and is intended to maximise competition performances.  Tapering 
is recognised within the periodised approach as part of the final preparation phase for 
competition, and the high prevalence of tapering amongst this elite sample, may suggest that 
some level of awareness of periodised approaches exists.  Interestingly, the CrossFit 
organisation has, somewhat conflictingly with its own critique (Kilgore, 2015, 2017) 
published educational materials that describe the application of a periodised approach for 
competitive athletes, particularly those it describes as “intermediate” and “elite” (CrossFit 
Inc., 2016).  Anecdotally, it appears common for competitive CrossFit athletes to undertake 
individualised programming and coaching in preparation for competition.  Such 
programming is likely to involve the prescription of workload progression and regression, 
and this dynamic management of workload may satisfy an unstated pre-requisite of the 
injury-workload model – that workload is not stable, but is dynamically changing according 
to proximity to competition.   
 
Strength of association between movement quality and subsequent injury [objective 5] 
With respect to the strength of association between movement quality and subsequent injury, 
the magnitude of effect for the strongest of the movement quality indices observed in this 
sample (i.e. ‘³ 4 movements scored as 1’ from the BAA) and subsequent injury risk was 
‘small to moderate’, with the lower and upper limit of the confidence interval ranging 
between ‘trivial’ and ‘large’.  Notwithstanding the limited precision arising from the small 
sample, the magnitude of effect observed is arguably insufficient to justify use of the 
movement quality indices investigated here as isolated indicators of injury risk.  
 
Close examination of the movement quality and subsequent injury risk (Table 40) reveals an 
apparent paradoxical finding that the risk factor ‘³ 4 movements scored as 1’ was clearly 
beneficial, but ‘³ 5 movements scored as 1’ was unclear.  An underlying assumption inherent 
in the putative association between movement quality and injury, is a positive relationship 
between the number of low scoring movements and risk of subsequent injury, such that after 
some threshold (e.g. say, 4 low scoring movements), increasing numbers of low scoring 
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movements would all be associated with elevated injury risk.  Here, the chance of benefit for 
‘³ 5 movements scored as 1’ was slightly below the threshold necessary for clear 
interpretation of ‘likely benefit’.  However, the precision of this analysis was compromised 
by both the low observed cell counts (i.e. just 4 participants registered an injury and recorded 
‘³ 5 “1s”), and by overall sample of 25 available for this analysis.  A simple simulation 
maintaining the same distribution of outcomes across the 2x2 as observed here (i.e. holding 
constant the RR~1.3), but increasing the sample size identifies that a clear ‘likely’ benefit 
occurs when the sample size >45.   
 
A sample of much greater size would be necessary if separate analyses of differential injury 
types were to be undertaken.  Here, the analysis included all injury cases related to CrossFit 
participation, but this approach assumes that injury risk for gradual onset and acute onset 
injuries (and their associated levels of severity), are both mechanistically related to 
movement quality.  This should not be assumed, and a sample of sufficient size to permit 
separate sub-group analyses to be conducted for each of the four injury groupings would 
provide further, more detailed insight. 
 
A possible role of movement quality assessment 
Notwithstanding the limitations of this study, the modest strength of association between 
movement quality and subsequent injury identified here, taken together with the wider 
evidence base across a wide range of sports (see findings Chapter 7), clearly indicates that 
use of movement quality assessments should not be undertaken for the purpose of identifying 
injury risk (Bahr, 2016; Bennett, Arnold, Norton, & Davison, 2020; Bennett et al., 2017; R. 
Moran et al., 2017).  However, a brief, systematic, movement-based assessment (such as the 
BAA) that can be administered within a gym environment, and without specialist equipment 
appears evidently useful, but is not an injury risk tool (Clarsen & Moseby Berge, 2016). 
 
The place of movement quality assessment in clinical practice should be considered as a 
potentially useful, but ‘soft’ indicator that may, with judicious interpretation, usefully inform 
pragmatic decision making about exercise prescription.  This could take the form of 
identifying various movement patterns where an athlete may benefit from additional focus, 
say for example, improving overhead shoulder range, and could therefore be directive in 
prescribing mobility drills.  In addition, movement quality assessment might offer a 
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systemised approach by which coaching practitioners might identify movement deficits or 
symptoms (especially pain) that requires referral for formal clinical investigation and 
management.  This might be particularly useful prior to enrolment in an introductory group 
class because opportunities for review of individual participant needs can be challenging or 
even impossible within group settings.   
 
Strength of association between previous injury and subsequent injury [objective 6] 
In this sample, the strength of association between a previous correlated injury, and a 
subsequent injury registered during the monitoring period was trivial.  This finding conflicts 
with the only two previous investigations in CrossFit participants investigating previous 
injury as risk for subsequent injury (Chachula et al., 2016; S. Moran et al., 2017).  In a 
prospective study S. Moran et al. (2017) report a relative risk of 2.35 (90%CI 0.99 to 5.6), 
while in a cross-sectional study Chachula et al. (2016) reports an odds ratio of 3.75 (95%CI 
0.88 to 18.6).  In view of the high risk-of-bias evident in both studies (see systematic review 
Chapter 4), these findings should be considered cautiously. 
 
An important consideration when investigating previous injury as a risk factor, is the extent 
to which the previous injury can be reasonably linked (or “correlated”) to the subsequent 
injury.  The criteria by which researchers correlate previous and subsequent injuries in their 
analysis should be clearly stated to avoid spurious correlations between made which could, in 
turn, erroneously inflate the strength of association between previous and subsequent injury.  
Unfortunately, neither Chachula et al. (2016) or S. Moran et al. (2017) report any detail about 
their approach to correlation of previous and subsequently registered injuries.  Within this 
study, in order for a previous injury to be considered ‘correlated’ with a subsequently 
registered injury, the location (e.g. knee, ankle, shoulder etc) and the side (left/right) needed 
to match.  In the absence of information about how Chachula et al. (2016) and S. Moran et al. 
(2017) approached injury correlation, it is possible that a more liberal approach was taken 
and this could at least partially explain the differences in strength of association observed. 
 
Theoretical concepts such as ‘regional independence’ are used clinically by practitioners (e.g. 
sports physiotherapists) to causally relate distant anatomical sites within clinical reasoning 
for injury rehabilitation (Sueki, Cleland, & Wainner, 2013).  Regional interdependence 
concepts could possibly support the correlation of less proximate injuries (e.g. thoracic spine 
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and shoulder) within sports injury research, however, the quality of evidence underpinning 
these concepts was considered to be insufficient to justify their adoption within this study. 
 
During the process of collecting previous injury history at the time of enrolment, participants 
provided a rating for the extent of perceived recovery for each of their previous injuries using 
SANE tool (see Chapter 5, Section 3 for further discussion of the SANE).  The intended 
purpose of collecting extent of perceived recovery information was twofold: Firstly, within 
the SIAS model, knowledge of the extent of recovery is necessary to categorise an injury 
within the schema.  Secondly, a sub-group analysis was planned to investigate the extent to 
which perceived recovery impacted on risk of subsequent injury.  Unfortunately, this analysis 
was not possible because of the small number of observed injuries overall, and the inclusion 
of all injuries, regardless of SANE score, was necessary to avoid further compromise of 





Two specific methodological strengths deserve brief mention: Firstly, unlike all previous 
studies reporting injury epidemiology amongst CrossFit participants (see Chapter 4), a robust 
method of random sampling was utilised here.  Secondly, studies of injury epidemiology 
related to involvement in a target sport should be able to demonstrate, to a reasonable extent, 
that each reported injury can be attributed to participation in the sport.  This issue was 
addressed using three specific design features: 1) a specific questionnaire item27 was designed 
within the questionnaire where a participant was required to confirm that the injury being 
reported was, at least in their perception, attributable to CrossFit participation; 2) while early 
CrossFit literature encourages involvement in other forms of sport and physical recreation 
(Glassman, 2002), here a specific exclusion criterion was designed to limit exposure to 
structured exercise training and competition outside of CrossFit; and 3) participants reporting 
an injury during the study were required to respond to a specific free-text item28 regarding 
 
27 The item was: “Did this [body region] problem start in relation to a CrossFit workout or while training for 
CrossFit? Note: if the start of this problem was unrelated to CrossFit (e.g. problem started playing a different 
sport) answer this question ‘No’.” 
28 The item was:  “What were you doing – what happened – how was the [body region] problem caused?” 
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‘how’ the problem arose.  This item enabled further verification that the circumstances of 
injury were related to CrossFit participation.  Collectively, these features provide assurance 




The findings of this study should be considered in view of the following limitations.  The 
principal limitation was the modest size of the recruited sample.  Sample size can impact both 
internal validity (e.g. limiting the selection of statistical approaches), and generalisability of 
findings beyond the sample.  With reference to internal validity, the sample size recruited 
here generated an insufficient number of injuries to support multivariate analysis as was 
intended at the design and planning stages.  As a result, the association between risk factors 
and injury were limited to bivariate analyses and precluded adjustment for possible 
confounders such as exposure, workload, age, and gender as would be possible with 
multivariate analyses.  An additional limitation related to the size of the recruited sample 
involves the issue of generalisation from the sample to the population.  Although the 
sampling plan was primarily determined on the basis of exploring injury risk factors, the 
determination of prevalence and incidence in a population are dependent on the sample being 
sufficiently representative of the population.  Here, the point estimates for injury incidence 
and prevalence were accompanied by broad confidence limits attributable to the modest 
sample size.  The extent to which the sample can be considered representative of the 
population is not clear, as the only known demographic parameters about the population were 
limited to the number of members of CrossFit affiliated gyms in the Auckland region, and the 
proportions of gender as determined during pilot work.  Further work to characterise the 
population of CrossFit participants would aid consideration of generalisability for future 
research in this area. 
 
Other limitations included: 
 
1. Unvalidated scoring system for BAA.  The scoring system used for the BAA has not 
previously been described, and was developed by the researcher for use in this study 
by adapting the 4-point ordinal scheme as used within the FMS.  Further, the criteria 
applied for assigning scores for the BAA tests were developed by the researcher 
without collaboration with other clinicians or researchers. 
 261 
 
2. Verification of reported injuries.  Injuries registered during the course of the study 
were based on participant self-reported information and were not further verified by 
detailed interview, or audit of medical records.  Prospective cohort studies conducted 
in high-performance sport have typically relied on injury verification by medical 
personnel associated with sports teams (Bahr et al., 2020).  However, in a community 
sample this was not feasible because of the high resource demands required to follow-
up with multiple medical providers, and the additional ethical and logistical burden 
associated with acquiring medical records.   
 
3. Subjective nature of recording sRPE and session duration.  Although conceptually 
simple, sRPE is considered to have acceptable validity, is in widespread use across 
many sports, and has been demonstrated to correlate with objective (external) 
workload parameters within the CrossFit context (Tibana et al., 2019)  (see Chapter 7, 
Section 1 for further discussion of sRPE).  While the validity of sRPE can be 
considered satisfactory from a theoretical perspective, the practical application of 
recording session intensity and duration for each session over the course of 6-months 
is highly dependent on participant adherence to instructions.  Ideally, sRPE should be 
recorded within a specific window following workout completion (McGuigan & 
Foster, 2004), however, the extent to which participants complied with these 
instructions is not known.  A printed logbook was provided to all participants to aid 
with recording of intensity and duration, however, a smartphone based data collection 
system would potentially generate an electronic record that could be verified on the 
basis of GPS coordinates (i.e. the participant is confirmed at the gym) and a time-
stamp to show the report was made contemporaneously to the workout.  Such 
systems, if well-designed and acceptable to users, could improve the quality and 
efficiency of data collection. 
 
4. Models of injury aetiology.  Objectives 4, 5, and 6 were intended to address injury 
aetiology.  The study design was underpinned by the dynamic, recursive model of 
injury aetiology described by Meeuwisse et al. (2007), and later modified by Windt 
and Gabbett (2016) to incorporate acute:chronic workload as a key risk factor.  A key 
feature of both models is the dynamic, changing nature of both intrinsic and extrinsic 
risk factors.  Notwithstanding the inability to conduct analysis of ACWR as a risk 
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factor because of the sample size, and distribution of observed injuries within the 
initial four weeks of monitoring, the use of ACWR as a risk factor does reflect the 
dynamic changes in risk that occur over time.  However, analysis of the movement 
quality assessment data was only considered from measures taken at a single point in 
time prior to the commencement of monitoring, and movement quality was not 
periodically re-assessed.  This contravenes the recursive and dynamic nature of the 
aetiology models, where risk factors are not static, but change over time.  Ideally, a 
measure of movement quality could be undertaken at periodic intervals over the 
course of the monitoring period (e.g. monthly), but this would introduce considerable 
resourcing demands, and was not possible within the scope and resourcing of this 
study.  Here, it was necessary to determine the strength of association between 
movement quality and subsequent injury under the assumption that movement quality 
as measured at the outset of the study, was stable over time. 
 
5. Further to the need for multivariate analyses, contemporary methodological 
commentary addressing sports injury aetiology has recently recognised the potential 
for advanced non-linear, complex system approaches (Bittencourt et al., 2016; 
Fonseca et al., 2020; Nielsen et al., 2020).  While these approaches appear attractive 
within sports injury research because of the complex and multicausal nature of injury 
aetiology, closer consideration of these methods was beyond the scope and resourcing 
available for the conduct of this thesis. 
 
 
Recommendations for future work 
Three recommendations for further work are outlined below.  These recommendations should 
be considered as direct extensions of the study reported in this Chapter.  Other, higher-level, 
more general recommendations for further work in relation to the overall thesis are presented 




1. Injury epidemiology for competition should be treated separately from routine 
week-to-week training 
 
This study involved the prospective monitoring of non-elite, community-based athletes who 
were ostensibly engaged in CrossFit for the purpose of enhancing fitness and its many 
associated health benefits across physical (Drake, Smeed, Carper, & Crawford, 2017; Feito, 
Hoffstetter, Serafini, & Mangine, 2018), psychological, and social domains (Fisher, Sales, 
Carlson, & Steele, 2017; Oppenheimer, 2015; Sibley & Bergman, 2018; Whiteman-Sandland, 
Hawkins, & Clayton, 2018).  Anecdotally, involvement in low-level competitive events 
appears to be common amongst CrossFit participants, and here, 80% of the sample reported 
previous experience in competition.  As an organisation, CrossFit Inc., clearly recognizes the 
importance of competition within the CrossFit community, promoting its own CrossFit 
events (e.g. The Open, Games), and promotes CrossFit as the ‘Sport of Fitness®’.  In addition 
to CrossFit endorsed competitions, there are many other functional fitness competitions29 
available at local, national, and international levels that are not officially endorsed by 
CrossFit Inc., but are clearly analogous to typical CrossFit workouts in format.  These events 
generally attract competitors who are members of a CrossFit affiliated facility and while not 
“CrossFit” per se, are sufficiently similar to be of interest from an injury research 
perspective.  An understanding of injury epidemiology associated with regular participation 
in training cannot directly inform the epidemiology of injuries occurring during competitive 
events.  The biomechanical and physiological characteristics of athletes participating in 
competitive events are likely to differ from non-competitors, and these differences may 
represent important determinants in propensity to injury, leading to different injury profiles 
between routine training and competitive events.  Further, functional fitness competitions 
frequently involve multiple rounds of competition extending over several days (e.g. Friday, 
Saturday, Sunday), thus exposing competitors to differences in acute workload, maximal 
intensity, and overall metabolic demands than might be experienced during routine training.  
Similarly, the competition environment contrasts strongly with the lower-stakes training 
 
29 An example of an international functional fitness competition is the Functional Fitness World Cup, see: 
https://functionalfitness.sport/world-cup-2020/  An example of a large competition attracting national and 
international competitors is the Wodapalooza event held annually in Miami, FL , see: 
https://wodapalooza.com/wzaoc/ 
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environment, and despite an element of competition being present in routine training, even 
for recreational participants, larger scale public competitions involve spectators, prizes, and 
the potential for elevated social status following competitive success.  This ‘highly-charged’ 
environment may invoke different behaviours (e.g. maximal efforts when already deeply 
fatigued) than occur during routine training.  Therefore, in light of these differences, it is 
argued here that the epidemiology of injury associated with competitive functional fitness 
events should be studied separately from routine week-to-week training.  Currently, just one 
study has reported injury epidemiology during a competitive functional fitness competition 
(Williams et al., 2020), and further work is necessary to better understand the nature of injury 
associated with competition. 
 
2. Differences between elite and non-elite athletes and other special populations 
justifies consideration of injury epidemiology according to subgroup 
 
Although 80% of the sample reported participating in fitness competitions, elite level athletes 
were purposefully excluded within this sample.  By definition, elite-level athletes differ from 
non-elite across many dimensions including training prescription and programming, training 
workloads, nutrition and recovery practices.  In addition, there is increasing evidence across a 
wide range of sport demonstrating that elite athletes differ from non-elite on several 
psychological traits including, for example, personality and temperament (Michałowska-
Sawczyn et al., 2019), mental ‘toughness’ (Cowden, Fuller, & Anshel, 2014), ‘grit’ 
(Cazayoux & Debeliso, 2019), and pain processing (Pettersen, Aslaksen, & Pettersen, 2020).  
There may also be differences between levels of expertise for state-deployed mental skills 
such as coping with the demands of competitive sport (Macnamara & Collins, 2013).  Many 
of these subjective psychological measures are increasingly being underpinned biologically 
through identification of specific genetic polymorphisms that occur with greater frequency 
amongst elite athletes compared to non-elite (Boulygina et al., 2020; Michałowska-Sawczyn 
et al., 2019).  Collectively, these differences between elite and non-elite athletes should 
preclude the generalization of findings, including those in sports injury studies, between 
athlete populations at different levels of expertise.  Rather, studies of injury epidemiology 
and associated risk factors should clearly distinguish between elite and non-elite 
participants30.  By a similar rationale, other sub-groups based on age (e.g. youth, masters etc), 
 
30 See Chapter 10, for discussion of distinguishing ‘elite/expert’ and associated suggestions for further research. 
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and special populations defined by health-status such as those with non-communicable 
disease (particularly obesity and related metabolic disorders e.g. type 2 diabetes, and 
cardiovascular disease) should be subject to separate investigations. 
 
3. Injury epidemiology amongst beginner participants and the role of introductory 
programs 
 
Another sub-group of particular interest are those commencing CrossFit for the first time, as 
there is some limited evidence, based on two studies (Tafuri et al., 2019; Weisenthal et al., 
2014), both at high risk-of-bias (see Chapter 4) indicating that a beginner program for those 
commencing CrossFit may be associated with injury risk reduction.  In this study, the mean 
duration of CrossFit participation at the time of enrolment was 3 years, indicating a 
reasonable level of experience and familiarity with the workout demands.  There are scarce 
data pertaining to injury epidemiology amongst those who are new to CrossFit.  CrossFit 
workouts involve a wide range of exercises, including many that are widely considered to be 
technically demanding (e.g. Olympic lifts, gymnastics and calisthenic movements) and likely 
to exceed the competence of novice athletes.  The intensity of CrossFit workouts has been 
formally recognised in the literature (Butcher et al., 2015; Drum et al., 2017), and anecdotally 
even experienced and well-trained athletes undertaking a CrossFit workout for the first time 
are frequently challenged by the demanding nature of the workouts.  This combination of 
both high-intensity and technically challenging exercise has been the subject of criticism (e.g. 
(Barker, 2019); Seryak (n.d.)) for its potential as a predisposing injury risk factor.  The 
CrossFit organisation has argued that such criticism is unjustified, pointing to its concept of 
‘mechanics-consistency-intensity’ (CrossFit Inc., 2020c).  In brief, the ‘mechanics-
consistency-intensity’ concept indicates that technical competence in a movement (e.g. a 
back squat) should be achieved prior to adding exposure to the movement (e.g. progressively 
increasing the number of sessions per month), before finally, adding intensity in the form of 
speed and/or load (e.g. increasing weight).31  Although the mechanics-consistency-intensity 
 
31 Interestingly, the concept of ‘mechanics-consistency-intensity’ of CrossFit aligns well with contemporary 
sports science concepts of movement quality (i.e. ‘mechanics’), and consistency-intensity being recognizable 
within the workload literature as being analogous to acute:chronic workload ratios within the ‘sweet spot’ 
(Gabbett, 2016), and where high absolute volumes of workload, if achieved in a graded and progressive manner, 
have been observed to be protective of injury (Gabbett et al., 2016).  
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concept has been clearly stated in early CrossFit literature (Glassman, 2005; Semple, 2005) 
and within current coaching certification materials (CrossFit Inc., 2020b), the extent to which 
this approach is adopted within commercial affiliated CrossFit gyms is not known.  Within 
affiliated gyms, the most obvious practical expression of this ‘mechanics-consistency-
intensity’ concept may be most recognizable in the form of introductory classes, sometimes 
referred to as ‘on-ramp’ or ‘elements’ programs (CrossFit Inc., 2020b).  Anecdotally, 
introductory classes appear to be offered by a substantial number of affiliated CrossFit gyms, 
and further investigation of the role, content, and effectiveness of these classes for their 




Chapter 9 – Summary points  
• A prospective cohort study was conducted to investigate injury 
epidemiology and the role of selected risk factors (ACWR, movement 
quality, previous injury) for injury in a sample of n=30 recreational CrossFit 
participants  
• To the author’s knowledge, this study was only the second to investigate 
injuries associated with CrossFit using a prospective cohort design, and the 
first to employ randomised sampling 
• Within the CrossFit population, measures of severity incorporating 
reduction in participation, rather than time-loss, are likely to be important 
• The average weekly prevalence of injury associated with CrossFit 
participation was reported for each of the differential injury categories 
according to onset (gradual or acute) and severity (minor or substantial). 
o The average weekly prevalence for both gradual and acute onset 
injuries of substantial severity was ~ 3.6% (95%CI 0 to 10.2). 
• Injury incidence associated with CrossFit participation was reported for 
each of the differential injury categories according to onset (gradual or 
acute) and severity (minor or substantial) 
o The incidence of gradual onset injuries of substantial severity was 
3.1 per 1000 h exposure (95%CI 1.1 to 5.1); and the incidence of 
acute onset injuries of substantial severity was 2.7 per 1000 h 
exposure (95%CI 1.2 to 4.2). 
 







Chapter 9 Summary points – continued  
• Participants in this study demonstrated low variance in acute:chronic workload ratio 
(ACWR) with the mean for all participants approximating 1.1 (95% CI 1.03 to 
1.14) – a value that falls within the so-called ‘sweet spot’ range for low injury risk. 
• The stability of ACWR observed in this sample is attributable to three 
determinants: 
o the uniformity of session intensity which was, on average, 6.4 out of 10 
(95%CI 6.1 to 6.7), aligning with a Borg descriptor between “hard” (6 out 
of 10) and “very hard” (7 out of 10); 
o the near uniform duration of 60 min for each workout session (consistent 
with typical CrossFit affiliate practices for group classes); and 
o  in this sample, the low variation in number of weekly sessions (95%CI 3.7 
to 4 sessions per week).  If the stability of these parameters is typical of 
recreational CrossFit participants generally, it suggests that ACWR may not 
be a viable injury risk factor in this population. 
• The extent to which the injury-workload model is appropriate within the CrossFit 
context requires careful consideration and more formal evaluation. 
• The magnitude of effect for association between the strongest of the movement 
quality indices and subsequent injury risk was ‘small to moderate’, with the lower 
and upper limit of the confidence interval ranging between ‘trivial’ and ‘large’. 
Notwithstanding the limited precision associated with the small sample, the 
magnitude of effect observed here is arguably insufficient to justify use of the 
movement quality indices investigated here as isolated indicators of injury risk. 
• The strength of association between a previous history of a correlated injury was 
‘trivial’ (RR = 0.55, 95%CI 0.37 to 0.83, p = 0.004) and indicates that prior injury 













This final chapter concludes the thesis and is presented in four sections, each section 
becoming increasingly more subjective in its perspective.  Firstly, an objective 
summary of the principal findings of the thesis are presented.  Secondly, the 
contributions of the thesis to the field of sports injury prevention research are outlined 
in terms of both ‘Methodological’ and ‘Clinical and practical’ contributions.  Thirdly, 
in an effort to aid ongoing improvements in the quality and utility of injury prevention 
research in the area of CrossFit®, recommendations for the general direction of further 
work are offered.  Finally, the chapter concludes with an opinion piece in which I 
offer some ‘Final Thoughts’ about the potential for ongoing investigations of 
participation in CrossFit, not only from the sports injury epidemiology perspective, 
but also including consideration of the potential benefits such that both sides of a 
‘risk-benefit’ trade-off can be informed. 
 
 
SUMMARY OF PRINCIPAL FINDINGS 
At the time of initiating this thesis, the scientific literature contained a near absence of 
studies regarding the epidemiology of injury associated with CrossFit.  Therefore, the 
overarching aim of this thesis was to advance the scientific understanding of injury 
epidemiology associated with CrossFit participation.  To address this aim, a thesis 
consisting of ten chapters was presented. 
 
A summary of the principal findings arising from the thesis are presented below: 
 
1. A scoping review was undertaken to identify the current state of research 
literature within the intersection between sports injury prevention research and 
CrossFit (Chapter 2).  The review identified the types of available evidence, 
and mapped the injury literature against the TRIPP framework (Finch, 2006).  
The key finding was confirmation of a limited evidence base in terms of both 
number of studies, and in the types of research designs employed.  The 
preponderance of cross-sectional, rather than prospective studies reporting 
injury epidemiology findings provided insight into the nature and level of the 
existing evidence. In addition, the scoping review identified a sufficient 
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number of injury epidemiology studies to provide assurance of the feasibility 
of conducting a systematic review. 
 
2. In order to undertake risk-of-bias appraisal within a systematic review of 
cross-sectional studies reporting CrossFit related injury epidemiology, a ‘Risk-
of-Bias Appraisal Tool (RIBAT-C) for cross-sectional studies investigating 
injury associated with participation in CrossFit®’ was developed (Chapter 3).  
A detailed guidance document to assist interpretation of the RIBAT-C items 
was also presented (Annex, Chapter 3). 
 
3. Building on the scoping review, a systematic review and best-evidence 
synthesis of studies reporting injury epidemiology associated with CrossFit 
participation was conducted (Chapter 4).  The high risk-of-bias and low 
number of studies negatively impacted the overall level of evidence for each 
of the nine review questions.  A best-evidence synthesis of cross-sectionally 
derived injury incidence ranged between 0.27 to 3.3 injuries per 1000 h, a 
level that is arguably in the lower range and comparable to many other sports.  
However, this finding must be interpreted cautiously in view of the limited 
level of evidence.  In summary, the level of evidence was ‘limited’ for 
questions of injury prevalence (Q1), injury incidence (Q2), previous injury as 
a risk factor (Q3), the role of a beginner program in injury reduction (Q4), the 
effect of training frequency (Q7); and identifying body regions as sites of 
injury (Q9).  The level of evidence was ‘conflicting’ for the remaining 
questions: experience as a risk factor (Q5), competition as a risk factor (Q6); 
and difference in risk between males and female (Q8).   
 
4. ‘Movement quality’ was identified within a narrative review (Chapter 5) as a 
potential risk factor for injury and the Functional Movement Screen identified 
as a dominant assessment tool to assess movement quality in athletic 
populations.  A systematic review was conducted with the aim of critically 
appraising and summarising research investigating inter- and intra-rater 
reliability of FMS scores (Chapter 6).  The main findings of the review were: 
‘moderate’ evidence that raters can achieve acceptable levels of inter- and 
intra-rater reliability of composite FMS scores when using live ratings, but 
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‘limited’ and ‘conflicting’ evidence for those derived from video recordings.  
Overall, there were few high-quality studies, with just one study satisfying the 
most rigorous definition for high-quality. 
 
5. A systematic review with meta-analysis was conducted to investigate the 
strength of association between FMS composite scores and subsequent risk of 
injury (Chapter 7).  The three main findings were: 
 
a. Meta-analysis for the strength of association (risk ratio) between FMS 
composite score (cut-point 14 out of 21) and subsequent 
musculoskeletal injury in male military personnel identified a ‘small’ 
effect (pooled RR = 1.47 (95%CI 1.22 to 1.77, p < 0.0001) 
b. With the exception of male military personnel, the overall level of 
evidence was ‘limited’ or ‘conflicting’ for a wide range of athletic 
populations including running, ice hockey, collegiate and high school 
sport, and professional or collegiate American football 
c. In football (soccer), the magnitude of effect was ‘unclear’ and there 
was ‘moderate’ evidence to recommend against the use of FMS 
composite scores for the purpose of injury prediction 
 
6. Following the conduct of pilot work (Chapter 8), a prospective cohort study 
was undertaken with the aims of: 1) improving the understanding of injury 
epidemiology associated with participation in CrossFit; and 2), examining the 
potential role of various risk factors for injury within this population.  The 
main findings of the study reported in Chapter 9 were: 
 
a. Within the CrossFit population, measures of severity incorporating 
reduction in participation, rather than time-loss, are particularly 
important.  In this sample, reporting of time-loss in isolation would 
likely have underestimated the impact of injury. 
 
b. The apparent discordance between low time-loss but higher severity 
scores may reflect a tendency of CrossFit participants to adapt their 
workouts to accommodate the limitations and constraints of injury.  In 
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both the pilot work (Chapter 8) and this study, it was informally 
observed that in order to maintain participation, athletes would modify 
a prescribed workout (typically in consultation with a coach) by 
substituting a potentially troublesome exercise or movement, with 
another, less troublesome exercise (i.e. ‘injury masking by activity 
substitution’ – see Finding 7, Chapter 8 for further description). 
 
c. The average weekly prevalence of injury associated with CrossFit 
participation was reported for each of the differential injury categories 
according to onset (gradual or acute) and severity (minor or 
substantial) (see Table 39, Chapter 9 for full details).  The average 
weekly prevalence for both gradual and acute onset injuries of 
substantial severity was ~ 3.6% (95%CI 0 to 10.2). 
 
d. Injury incidence associated with CrossFit participation was reported 
for each of the differential injury categories according to onset 
(gradual or acute) and severity (minor or substantial) (see Table 39, 
Chapter 9 for details).  The incidence of gradual onset injuries of 
substantial severity was 3.1 per 1000 h exposure (95%CI 1.1 to 5.1); 
and the incidence of acute onset injuries of substantial severity was 2.7 
per 1000 h exposure (95%CI 1.2 to 4.2). 
 
e. Participants in this study demonstrated low variance in acute:chronic 
workload ratio (ACWR) with the mean for all participants 
approximating 1.1 (95%CI 1.03 to 1.14) – a value that falls within the 
so-called ‘sweet spot’ range for low injury risk. 
 
f. The stability of ACWR observed in this sample is attributable to three 
determinants: 1) the uniformity of session intensity which was, on 
average,  6.4 out of 10 (95%CI 6.1 to 6.7), aligning with a Borg 
descriptor between “hard” (6 out of 10) and “very hard” (7 out of 10), 
2) the near uniform duration of 60 min for each workout session 
(consistent with typical CrossFit affiliate practices for group classes); 
and 3) in this sample, the low variation in number of weekly sessions 
 274 
(95%CI 3.7 to 4 sessions per week).  If the stability of these parameters 
is typical of recreational CrossFit participants generally, it suggests 
that ACWR may not be a viable injury risk factor in this population. 
 
g. The extent to which the injury-workload model is appropriate within 
the CrossFit context requires careful consideration.  An argument of 
two elements (i. minimal seasonality, and ii. uniformity of session 
intensity, duration, and sessions per week) was presented in support of 
a proposal that the injury-workload model (i.e. use of ACWR as a risk 
factor) may not be well-suited to recreational CrossFit participants.  In 
contrast, the application of the injury-workload model may be more 
appropriate in competitive CrossFit athletes who undertake 
individualised training, and are likely to adopt periodised training 
approaches resulting in more workload variation in preparation for 
competition.  
 
h. In this sample, the magnitude of effect for association between the 
strongest of the movement quality indices and subsequent injury risk 
was ‘small to moderate’, with the lower and upper limit of the 
confidence interval ranging between ‘trivial’ and ‘large’. 
Notwithstanding the limited precision associated with the small 
sample, the magnitude of effect observed here is arguably insufficient 
to justify use of the movement quality indices investigated here as 
isolated indicators of injury risk. 
 
i. The strength of association between a previous history of a correlated 
injury was ‘trivial’ (RR = 0.55, 95%CI 0.37 to 0.83, p = 0.004) and 
indicates that prior injury history was not useful as a marker for risk of 





CONTRIBUTIONS TO THE FIELD 
The contributions of this thesis to the field of sports injury research will be outlined in 
this section.  Contributions are considered in two categories, firstly, ‘Methodological 
contributions’ – where original scholarship generated in the course of the thesis may 
be of value to other researchers; and secondly, ‘Clinical and practical contributions’ – 
where the findings may be of value to practitioners including clinical rehabilitation 
providers, coaches, and athletes. 
 
Methodological contributions of the thesis 
 
1. Operational definitions for QAREL items in the context of Functional 
Movement Screening 
 
The systematic review of rater reliability of Functional Movement Screening scores 
(reported in Chapter 6) employed the quality appraisal tool for studies of diagnostic 
reliability (QAREL) (Lucas et al., 2010).  To aid consistent appraisal between and 
within raters conducting appraisals using QAREL, a comprehensive set of operational 
definitions for each of the QAREL items within the context of the FMS was 
developed.  This document (Appendix 4), was published online supplementary to the 
published journal article (R. Moran et al., 2016), and provides a useful ‘blueprint’ for 
other researchers employing the QAREL tool that can be adapted for application to 
other movement quality assessment tools, or to other diagnostic tools involving visual 
assessment of body movement. 
 
2. Proposed ecological validity item to supplement existing QAREL items 
 
One of the issues identified during the conduct of the systematic review of rater 
reliability of Functional Movement Screening scores (Chapter 6) was ecological 
validity.  Although the concept of ecological validity is not without some controversy 
(Holleman, Hooge, Kemner, & Hessels, 2020), the general principle is that when 
investigating the performance of a diagnostic test (e.g. FMS) for application in the 
‘real-world’, the experimental design should closely simulate the conditions in which 
the test would normally be conducted.  The QAREL tool does not explicitly address 
the issue of ecological validity, and so an additional item was drafted (Appendix 5).  
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Ultimately, the supplementary item was not included in the systematic review 
analysis, but instead, was addressed as a point of discussion in Chapter 6, and also in 
the published article (R. Moran et al., 2016).  The proposed item may be of particular 
interest to systematic reviewers adopting the QAREL tool when ecological validity is 
relevant to their research question.  The proposed item wording was expressed 
generically: “Was the study design intended to simulate the conditions in which the 
test would normally be conducted in routine clinical practice?” but researchers 
should develop their own scoring criteria according to the relevant conditions of 
interest.  Further evaluation of the proposed item is necessary, but even as presented 
may be useful for other researchers. 
 
3. Matrix for assessment of clinical and methodological diversity in systematic 
reviews 
 
An important consideration for systematic reviewers is the extent to which 
methodological and clinical diversity permits pooling of studies for both qualitative 
synthesis and meta-analysis (Higgins & Green, 2011).  There is little practical 
guidance within the literature describing how researchers should evaluate clinical and 
methodological diversity.  Therefore, within the conduct of the systematic review 
investigating the strength of association between Functional Movement Screen (FMS) 
composite scores and subsequent injury (Chapter 7, and R. Moran et al. (2017)), the 
author developed a ‘matrix’ approach where key clinical (e.g. participant age, gender, 
vocation) and methodological parameters (e.g. injury definition) were contrasted 
between studies (See Appendix 7, also published online supplementary to the 
published journal article R. Moran et al. (2017)).  Each contrast is represented 
visually within a ‘matrix’ table, and this permits transparent reporting of systematic 
reviewer’s decision making.  To the author’s knowledge, this approach is original and 
has not previously been described.  
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4. Development of a ‘visual’ map for studies reporting sports injury prevention 
research 
 
One of the key indications for the conduct of a scoping review is to identify the 
breadth of a body of literature related to a specified concept or topic (Munn et al., 
2018).  Within this thesis, a scoping review was conducted to explore the sports injury 
literature pertaining to participation in CrossFit (see Chapter 2).  While 
methodological guidance for the conduct and reporting of scoping reviews remains 
emergent (Daudt, Van Mossel, & Scott, 2013; Munn et al., 2018; The Joanna Briggs 
Institute, 2015; Tricco et al., 2018), an increasingly common method of reporting 
findings is the generation of an ‘evidence map’ (Miake-Lye, Hempel, Shanman, & 
Shekelle, 2016).  In their systematic review of evidence maps published in scoping 
reviews, Miake-Lye et al. (2016) concluded that although no standardised form of 
evidence map exists, key characteristics were: a user-friendly visual figure or graph 
that can portray gaps in knowledge and/or future research needs.  In Chapter 2, a 
visual map was developed by locating each eligible study at an intersection between 
the steps of the sports injury prevention research frameworks (Finch, 2006; van 
Mechelen et al., 1992) and the classical hierarchy of study designs.  To the author’s 
knowledge, this format is original and has not previously been reported in other 
scoping reviews in the field of sports injury research.  Limitations and suggestions for 
further development are detailed in the Chapter 2 discussion.  This approach may be 
useful for other researchers conducting scoping reviews in the area of sports injury 
prevention.  
 
5. Development of the RIBAT-C tool and guidance for interpretation of items 
 
In preparation for the conduct of a systematic review of studies reporting injury 
epidemiology associated with participation in CrossFit (Chapter 4), it became 
apparent that most eligible studies were cross-sectional in design, and further, that 
existing risk-of-bias appraisal tools were not appropriate.  In response, a risk-of-bias 
appraisal tool was developed and piloted (see Chapter 3).  Although developed here 
for the intention of aiding in a systematic review of injury studies, the RIBAT-C items 
were expressed in sufficiently generic language to permit appraisal of cross-sectional 
injury studies in other sporting codes.  Notwithstanding the need for further 
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validation, the tool and associated guidance document (Chapter 3, Annex) may be of 
value to sports injury researchers who require a tool to appraise cross-sectional 
studies. 
 
Clinical and practical contributions of the thesis 
 
1. Guidance for clinical practitioners regarding the Functional Movement Screen 
 
The findings of the two systematic reviews regarding the FMS (Chapter 6, 7) have 
been important contributions to the practice of sports injury prevention with regards 
to ‘movement quality’ assessment.  The impact of these studies is well illustrated by 
the considerable attention these papers have attracted as documented in Altmetric 
‘attention scores’ (see Appendix 11).  In addition, both systematic reviews have 
attracted a large number of full-text requests through ResearchGate (Berlin, Gmbh), 
the largest academic social network service (van Noorden, 2014).  Further, podium 
presentations reporting the combined findings of these reviews have been made at 
local, national, and international meetings (see list on p .ix).  The two fundamental 
‘take-home’ messages of these presentations have been cautionary in tone:  Firstly, 
that assessment of movement quality does not ‘predict’ injury, but may, with certain 
caveats, serve as a systematic approach in practical clinical assessments.  Secondly, 
that assessment findings need to be interpretated judiciously by the clinician alongside 
their own clinical experience and context, and also integrated with the values and 
expectations of the athlete.   
 
2. Findings of the systematic review of studies reporting injury epidemiology 
associated with participation in CrossFit 
 
Although a manuscript reporting the systematic review reported in Chapter 4 is yet to 
be submitted for consideration to publish in an appropriate journal, the findings are 
likely to be of direct relevance to a range of stakeholders including: the community of 
clinical rehabilitation practitioners (particularly sports physiotherapists), members of 
the fitness industry, sports injury researchers, CrossFit coaches working in the 
community, the CrossFit Inc. organisation, and most importantly, members of the 
public seeking evidence to inform their decision making about participation. 
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GENERAL DIRECTIONS FOR FURTHER WORK 
For each of the thesis chapters reporting a discrete study (i.e. Chapters 2 – 6, 9) the 
respective Discussion section addressed topics of further research that extend directly 
from the work of the chapter.  By contrast, in this section, a more general discussion 
is presented that assumes a higher-level perspective.  Three major directions for 
further research related to sports injury prevention research in the field of CrossFit 
and other analogous forms of exercise training and competition are proposed: 
 
1. Consensus-based work on taxonomy and terminology in the field of CrossFit 
and other analogous forms of exercise 
 
In the course of reviewing literature in support of the work reported within the 
thesis, it became apparent that while ‘CrossFit’ was the subject of interest, a 
number of other non-proprietary terms have been used in research reports to 
describe forms of exercise that if not CrossFit, were closely analogous to 
CrossFit.  Clearly, some researchers and scholarly publishers are hesitant to 
include proprietary terms in research reports, perhaps out of caution for the 
potential of entanglements arising from the protection of commercial interests 
(e.g. litigation), and heightened compliance in attending to ethical issues (e.g. 
conflicts of interest) that can arise during the research process.  Whatever the 
reason, it is apparent that to date, many generic terms have been used in 
relation to CrossFit including ‘extreme conditioning’ (Bergeron et al., 2011), 
‘functional fitness’ (Bellar, Hatchett, Judge, Breaux, & Marcus, 2015), ‘high-
intensity functional training’ (HIFT) (Feito, Heinrich, Butcher, & Poston, 
2018), and ‘mixed modality training’ (Dos Santos Rocha et al., 2020).  The 
proliferation of terms, all ostensibly describing the same ‘field’ of enquiry, is 
problematic.  Consensus-based work on taxonomy and terminology is 
necessary as the current proliferation of ad hoc terms complicates 
bibliographic search of relevant literature, and hinders decision-making for 
systematic reviewers tasked with deciding whether a given study can be 
pooled with others on the basis of clinical homogeneity/heterogeneity 
(Higgins & Green, 2011).  
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To mitigate against this problem, one possible approach may be to seek 
consensus in defining various descriptive axes to characterise the field of 
enquiry relevant to, say, ‘high-intensity functional fitness’, and then locate 
various proprietary ‘species’ (e.g. CrossFit®, F45©) within the field according 
to their individual features on each axis.  This approach would help 
researchers to more precisely define the form of exercise that is the subject of 
their enquiry – thus improving generalisability for consumers of the research. 
 
A recent proposal for adoption of the term ‘high-intensity functional training’ 
and its working definition (Feito et al., 2018) is a positive step and represents 
a first attempt to address the problematic nature of non-uniformity of 
nomenclature in this field.  However, three points of critique against adoption 
of the term are briefly raised here.  Firstly, the term was developed by a small 
authorship group drawing on narrative review of the existing literature without 
broad stakeholder input such as might be achieved through use of an 
international consensus-based approach.  Secondly, although Feito et al. 
(2018) briefly acknowledge the issue of participant safety in terms of injury 
epidemiology, the intended focal point for application of the term ‘high-
intensity functional training’ appears targeted to researchers investigating the 
impact of this type of exercise on metabolic and cardiorespiratory adaptations 
rather than in injury and illness epidemiology.  Thirdly, the use of the word 
‘training’ within the term ‘high-intensity functional training’ may signal a 
focus that lacks due consideration of competitive events as one of the 
characterising features of this form of exercise. 
 
2. Definitions for levels of expertise within CrossFit 
 
To investigate how injury epidemiology may vary by level of expertise, a system of 
stratifying expertise within CrossFit (and other analogous exercise forms) is 
necessary.  The task of defining ‘elite’ and other strata to distinguish between levels 
of expertise has proven to be surprisingly problematic even in well-established 
sporting codes.  For example, a systematic review of 91 studies of elite/expert athletes 
in the field of sports psychology identified eight broad categories for definitions of 
‘elite/expert’ with many disparate and conflicting definitions employed  between 
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‘elite/expert’ and ‘non-elite/expert’, but also within the ‘elite/expert’ group (Swann et 
al., 2015). 
 
Three considerations pertinent to how expertise could be determined within the 
CrossFit context include: a) material published by CrossFit Inc. addressing levels of 
expertise, b) descriptions of fitness expertise based on exercise benchmarks, and c) 
the availability of 10 years of CrossFit Open competition results as a ‘natural 
laboratory’ to define reference ranges for performance over 60 CrossFit workouts. 
 
a) Three levels of expertise described in CrossFit educational materials 
 
Within its education materials for CrossFit coaches, the CrossFit organisation 
has outlined, in rudimentary terms, three levels (‘Beginner’, ‘Intermediate’, 
and ‘Advanced/Elite’) of CrossFit expertise intended to help coaches guide 
athletes in preparation for competition (CrossFit Inc., 2016).  Beginner and 
intermediate levels were defined in terms of experience and number of weekly 
training sessions, however, Advanced/Elite was defined in terms of 
competitive results, where an athlete at this level would place within the top 
10 positions of a CrossFit Regionals competition, or qualify for the CrossFit 
Games.32  Although these three levels do not appear to be widely recognised 
within the CrossFit affiliate community, they are informative to the extent that 
they represent a viewpoint of the CrossFit organisation.   
 
b) Descriptions of fitness expertise based on exercise benchmarks 
 
A more sophisticated scheme of fitness expertise was developed by Dave 
Werner in 2006 (Werner, 2014).  Werner labels the scheme “Athletic Skill 
Levels”, and anecdotally at least, it appears to be widely utilised by CrossFit 
affiliates to identify athletic strengths and weaknesses amongst members and 
aid goal setting (e.g. CrossFit Atlanta. (2006); CrossFit Cincinnati. (2009); 
 
32 Note that ‘Regionals’ events were discontinued after 2018, and the CrossFit competition restructured 
with the addition of ‘SanctionalsTM’ in 2019. 
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Nakis (2020)).  Werner’s scheme specifies benchmarks of performance in six 
categories (hips, push, pull, core, work, and speed), each with multiple 
exercises and an associated benchmark.  An athlete’s ‘fitness level’ is 
determined by satisfying each of the specified performance benchmarks within 
five distinct levels (Pre-level 1, Level 1 ‘Healthy’, Level 2 ‘Intermediate’, 
Level 3 ‘Advanced’, and Level 4 ‘Elite’.  Levels 1 to 4 are further stratified by 
three sub-levels (A, B, C) to further differentiate performance (Werner, 2020).   
 
Despite the absence of explicit endorsement by the CrossFit organisation, 
anecdotally, the scheme has been in widespread use amongst CrossFit 
affiliates since 2006 (Nakis, 2020).  It appears that no formal scientific 
investigation of its measurement properties has been undertaken, however, the 
scheme has good face validity, and clearly links to each of the 10 general 
physical skills33 cited in seminal CrossFit literature (Glassman, 2002) and 
which form the components of CrossFit’s “definitional models of fitness” 
(CrossFit Inc., 2019).  In summary, Werner’s scheme could provide a sound 
foundation from which further systematic development and investigation of 
levels of expertise in CrossFit could be based. 
 
c) CrossFit Open competition results provide a large database from which 
reference ranges for performance in more than sixty CrossFit workouts 
could be based 
 
 
33 The ten ‘general physical skills’ as described by Glassman (2002) are: “ 1) 
Cardiovascular/respiratory endurance – ability of body systems to gather, process, and deliver oxygen, 
2) Stamina – ability of body systems to process, deliver, store, and utilise energy, 3) Strength – ability 
of a muscular unit, or combination of muscular units, to apply force, 4) Flexibility – ability to 
maximise range of motion at a given joint, 5) Power – ability of a muscular unit, or combination of 
units, to apply maximum force in minimum time, 6) Speed – ability to minimise the time cycle of a 
repeated movement, 7) Coordination – ability to combine several distinct movement patterns into a 
singular distinct movement, 8) Agility – ability to minimise transition from on movement pattern to 
another, 9) Balance – ability to control the placement of the bodies centre of gravity in relation to its 
support base, 10) Accuracy – ability to control movement in a given direct or at a given intensity.” 
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In addition to the development of performance benchmarks in various exercise 
domains (i.e. ‘Werner’s Athletic Skills Levels’), the CrossFit Open provides a 
‘natural laboratory’ from which performance reference ranges could be 
determined.  The performance of any athlete completing an Open workout 
could be benchmarked relative to the performance of all other CrossFit Open 
athletes on that workout.  The CrossFit Open is an annual online competition 
attracting international participants across a wide age range (youth to >80 y).  
The Open competition consists of five, weekly, highly-standardised, and 
individually verifiable workouts (judged in real-time, and/or video-recorded).  
Each workout prescription is announced online and each participant’s 
validated workout score must be submitted before a specified weekly deadline 
(CrossFit Inc., 2020a).  The results of this competition are publicly accessible 
online, and offer a large dataset (n > 350,000 entries in 2019 (Henderson, 
2019)) from which the characteristics of CrossFit performance could be 
determined.  In addition, historical annual results between 2011 and 2020 are 
accessible online, providing a large database of performance by large numbers 
of athletes across sixty prescribed CrossFit workouts.  Aside from competitive 
results in the CrossFit Open, additional parameters that may characterise 
various levels of CrossFit athlete (e.g. training practices, recovery and 
nutrition practices etc) could be investigated using samples recruited from 
athletes whose final Open result satisfies a pre-specified range (e.g. ³ 10th 
centile), or whose recent performance in one of the historically prescribed 
CrossFit Open workouts can be compared. 
 
3. Consensus-based methods for injury definitions and recommendations for 
injury surveillance, data collection, analysis, and reporting  
 
Beyond the development of a basic nomenclature (e.g. definitions for ‘elite’, 
‘functional fitness’ etc) to more precisely describe the field of enquiry, consensus-
based standards appropriate to the CrossFit context for definitions of injury, standards 
of injury reporting, injury registration and coding standards, and a core set of 
variables (e.g. participant profile including level of expertise) would enhance the 
overall quality of research in this field.  Work of this type has been highly successful 
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in other sporting codes including football (Fuller et al., 2006), rugby union (Fuller et 
al., 2007), tennis (Pluim et al., 2009), cricket (Orchard et al., 2016), and swimming 
(Mountjoy et al., 2016).  Consensus statements addressing methodological issues in 
sports injury epidemiology first emerged nearly 15 years ago in cricket (Orchard et 
al., 2005), and in the intervening period at least eleven consensus papers have been 
published across different sports (Bahr et al., 2020). 
 
The obvious utility of these statements recently culminated in the International 
Olympic Committee (IOC) formally adopting the “2020 Consensus statement for 
methods of recording and reporting of epidemiological data on injury and illness in 
sport” (Bahr et al., 2020).  Further to the generic guidance offered in the statement, 
the IOC also recommend the development and adoption of detailed sport-specific 
statements that are well-matched to the contextual demands of a given sport.  These 
recommendations can be effectively implemented within a sport irrespective of its 
Olympic status. 
 
To date, the development of such consensus statements has typically been facilitated 
by a governing body of the relevant sport.  For instance, the football consensus 
statement (Fuller et al., 2006) was facilitated by Fédération Internationale de Football 
Association (FIFA), the aquatic sports statement by Fédération Internationale de 
Natation (FINA), and the tennis statement by the International Tennis Federation 
(Pluim et al., 2009).  The type of exercise training and competition of interest here 
lacks a coherent governance structure, and is further complicated by the presence of 
several proprietary forms (of which CrossFit is one example).  However, the absence 
of well-defined governance bodies (e.g. FIFA, FINA etc) to facilitate or initiate the 
work need not preclude researchers undertaking international collaborations to 
progress the publication of consensus-based statements to address methodological 
issues. 
 
A consensus-statement to address methodological issues related to injury 
epidemiology in the field of ‘functional fitness’ (or its consensus derived label) 
should be undertaken as a matter of priority.  Such guidance would not only improve 
the quality of scholarship, but also make best economic use of research resources with 
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Information about both risk and benefit are necessary for informed decision 
making 
 
What information about risk and benefit is available from which an informed decision 
about CrossFit participation can be based?  Informed decision making is dependent on 
the availability of good quality information of risks and benefits associated with 
participation, in order that an individual may balance trade-offs between them 
according to their own inherent risk tolerance.  As a conclusion to the thesis, this final 
section will summarise the state of knowledge related to risk, but also points to a need 
to better understand beneficial outcomes associated with CrossFit participation.  
 
What do we know about injury risk associated with CrossFit participation? 
What conclusions can be reasonably drawn about injury risk associated with CrossFit 
participation?  Based on the findings of the scoping review (Chapter 2) and systematic 
review (Chapter 4), coupled with the findings of the cohort study (Chapter 9), it is this 
author’s informed view that the state of injury prevention research pertaining to 
CrossFit can be appropriately described as immature, and characterised by 
methodologically weak study designs that fail to adequately control risk-of-bias.  
Public claims about the relative risks (both favourable e.g. Long (2018) and 
unfavourable e.g. Barker (2019)) of injury related to CrossFit participation should be 
viewed cautiously given the present state of the literature.  Despite several researchers 
concluding that injury risk (typically represented by injury incidence) in CrossFit is 
comparable to many other sports (e.g. Hak et al. (2013); Montalvo et al. (2017); S. 
Moran et al. (2017)), the literature is currently not sufficiently mature to draw 




What do we know about the benefits associated with CrossFit participation? 
Decision-making about participation should be informed by evidence of both risks 
and benefits, and while this thesis sought to advance knowledge on the ‘risk’ side of 
the risk-benefit trade-off, there also exists a need to better understand the potential 
health benefits associated with CrossFit participation.  In addition to research 
pertaining to injury (reviewed here in Chapters 2 and 4), there has been some limited 
research attention given to exploring other outcomes.  For example, one broadly 
focused systematic review of “CrossFit’s scientific state-of-art” identified that in 
addition to injury epidemiology, other research foci included short-term changes in 
body composition (e.g. fat mass, lean body mass), physiological parameters (e.g. 
blood lactate, oxygen consumption, oxidative stress, inflammatory markers), and 
various psychosocial-behavioural measures (e.g. motivation, exercise adherence) 
(Claudino et al., 2018).  Overall, Claudino et al. (2018) considered the state of the 
literature to be of generally low-quality and hampered by methodological problems 
including short-term interventions, and multiple forms of bias including lack of 
blinding, and selection bias.  In addition to improving the design, conduct, and 
reporting of studies investigating the outcomes (risk and benefit) of participation in 
CrossFit, a focus on longer term health-related outcomes would be of considerable 
value and would enable informed decision making by consideration of expected risks 
in light of expected benefits. 
 
An argument that CrossFit be the subject of further research in the area of high-
intensity exercise 
Although high-intensity exercise training was first popularised in the 1950s (Ross, 
Porter, & Durstine, 2016), over the last decade, there has been a surge of research 
interest into the role of high-intensity exercise on health maintenance, disease 
prevention, and rehabilitation (e.g. Cassidy, Thoma, Houghton, and Trenell (2017); 
Gibala, Little, Macdonald, and Hawley (2012)).  While many of the research findings 
from the general ‘high-intensity exercise’ literature are likely to be generalisable to 
the CrossFit context at some broad level (Schlegel, 2020), there are at least two 
characteristics of CrossFit that may justify specific investigation of CrossFit rather 
than a more generically labelled form of exercise such as “high-intensity functional 
training” (Feito et al., 2018), or ‘high-intensity interval training’.  Firstly, the rapid 
growth and substantial number of people engaged in CrossFit, and the wide 
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geographic spread of CrossFit affiliated gyms indicates CrossFit is of international 
significance within the fitness industry (Thompson, 2013; Thompson, 2014, 2015, 
2016).  CrossFit is arguably the single most identifiable commercial brand within the 
sector (Greeley, 2014; Ozanian, 2015), and on the basis of size and public prominence 
alone justifies further research enquiry. 
 
Secondly, and more importantly, a shared ‘sense of community’ amongst CrossFit 
participants has been widely described in the non-scientific literature (e.g. Greeley 
(2014), Markula (2018)), and may well be a cardinal feature of CrossFit (Whiteman-
Sandland, Hawkins, & Clayton, 2018).  From a research perspective, this putative 
‘sense of community’ is an intriguing feature that may be key to explaining the high 
levels of engagement that have been observed amongst CrossFit participants 
(Lichtenstein & Jensen, 2016).  To date, the community aspects of CrossFit are yet to 
be thoroughly investigated, although several studies have recently emerged on this 
topic (Fisher et al., 2017; Sibley & Bergman, 2018; Whiteman-Sandland et al., 2018).  
Sibley and Bergman (2018) identified several social and psychological factors that 
may be determinants of ongoing engagement in CrossFit despite the greater physical 
discomfort and high perceived exertion compared to conventional strength and 
conditioning exercise (Drum et al., 2017).  In a sample recruited within the south-
eastern United States, Sibley and Bergman (2018) demonstrated that CrossFit 
participants (n=332) tended to have intrinsically motivated goals (e.g. skill mastery, 
and health management), and high levels of competence and ‘autonomy need 
satisfaction’.  Similarly, Fisher et al. (2017) have also shown that CrossFit 
participants report higher intrinsic motives, such as enjoyment, challenge and 
affiliation, than those undertaking group resistance exercise (non-CrossFit), 
exercising alone, or with a personal trainer.  Intrinsic motivation is known to be 
linked to stronger exercise promoting behaviours and attitudes that tend to generate 
greater exercise volumes (Gillison, Standage, & Skevington, 2006; Wilson, Rodgers, 
Fraser, & Murray, 2004), and stronger exercise adherence (Russell & Bray, 2009).  
While Sibley and Bergman did not compare these factors between CrossFit and 
traditional gym attendees, a study by Whiteman-Sandland et al. (2018) did make 
comparisons with traditional gym training in a cross-sectional study comparing 
CrossFit participants (n=50) with those attending a traditional gym facility (n=50).  
Whiteman-Sandland et al. (2018) demonstrated that CrossFit participants had 
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significantly higher scores on measures of social capital and community 
belongingness compared to those attending traditional gym.  Although these are early 
findings and not without limitations, if they can be replicated in other studies, and 
critically, also contrasted with other forms of similarly high-intensity group exercise, 
it may suggest that the CrossFit environment provides an experience where 
participant’s psychological needs may be satisfied, thus driving adherence.  A better 
understanding of the factors that drive adherence amongst CrossFit participants may 
also provide useful insights for understanding exercise adherence generally – one of 
the keys to improving the effectiveness of exercise-based initiatives in the fight 




The overarching aim of this thesis was to advance scientific understanding of injury 
epidemiology associated with CrossFit participation.  The collective work presented 
here has addressed this aim, even if the advance is only slight.  Afterall, as Lord 
Tennyson reminds us “science moves, but slowly, slowly, creeping from point to 





Aasa, U., Svartholm, I., Andersson, F., & Berglund, L. (2017). Injuries among weightlifters and powerlifters: A 
systematic review. British Journal of Sports Medicine, 51(4), 211-219. doi:10.1136/bjsports-2016-
096037 
Adhia, D. B., Bussey, M. D., Ribeiro, D. C., Tumilty, S., & Milosavljevic, S. (2013). Validity and reliability of 
palpation-digitization for non-invasive kinematic measurement – A systematic review. Manual 
Therapy, 18(1), 26-34. doi:10.1016/j.math.2012.06.004 
Agarwal, A., Guyatt, G. H., & Busse, J. W. (n.d.). Methods Commentary: Risk of bias in cross-sectional surveys 
of attitudes and practices. Retrieved October 20, 2020 from 
https://www.evidencepartners.com/resources/methodological-resources/risk-of-bias-cross-sectional-
surveys-of-attitudes-and-practices/ 
Alexandrino, G., Damásio, J., Canhão, P., Geraldes, R., Melo, T., Correia, C., & Ferro, J. (2014). Stroke in 
sports: A case series. Journal of Neurology, 261(8), 1570-1574. doi:10.1007/s00415-014-7383-y 
Altman, D. G., Machin, D., Bryant, T. N., & Gardner, M. J. (Eds.). (2000). Statistics with confidence (2 ed.): 
BMJ Books. 
American Psychological Association, s. b. (2020). Publication manual of the American Psychological 
Association : the official guide to APA style (Seventh edition. ed.). Washington, DC: American 
Psychological Assocation. 
Andrade, R., Wik, E. H., Rebelo-Marques, A., Blanch, P., Whiteley, R., Espregueira-Mendes, J., & Gabbett, T. 
J. (2020). Is the acute: chronic workload ratio (ACWR) associated with risk of time-loss injury in 
professional team sports? A systematic review of methodology, variables and injury risk in practical 
situations. Sports Medicine, 50(9), 1613-1635. doi:10.1007/s40279-020-01308-6 
Anon. (2017). Branching logic in REDCap - How to guide. Clinical and Translational Science Institute, 
University of Florida.  Retrieved October 20, 2020 from 
https://www.ctsi.ufl.edu/wordpress/files/2017/06/Branching-Logic-in-REDCap-%E2%80%93-
How.pdf 
Anstee, L. J., Docherty, C. L., Gansneder, B. M., & Schultz, S. J. (2003). Intertester and intratester reliability of 
the Functional Movement Screen. Journal of Athletic Training, 38(2 (Suppl)), S-85.  
Arain, M., Campbell, M. C., Cooper, C. L., & Lancaster, G. A. (2010). What is a pilot or feasibility study? A 
review of current practice and editorial policy. BMC Medical Research Methodology, 10. 
doi:10.1186/1471-2288-10-67 
Arksey, H., & O’Malley, L. (2005). Scoping studies: towards a methodological framework. International 
Journal of Social Research Methodology, 8(1), 19-32. doi:10.1080/1364557032000119616 
Armstrong, R., Brogden, C. M., Milner, D., Norris, D., & Greig, M. (2018). Effect of fatigue on functional 
movement screening performance in dancers. Medical Problems of Performing Artists, 33(3), 213-219. 
doi:10.21091/mppa.2018.3032 
Arnason, A., Sigurdsson, S. B., Gudmundsson, A., Holme, I., Engebretsen, L., & Bahr, R. (2004). Risk factors 
for injuries in football. American Journal of Sports Medicine, 32(1 Suppl), 5s-16s. 
doi:10.1177/0363546503258912 
Arnold, D. M., Burns, K. E., Adhikari, N. K., Kho, M. E., Meade, M. O., & Cook, D. J. (2009). The design and 
interpretation of pilot trials in clinical research in critical care. Critical Care Medicine, 37. 
doi:10.1097/CCM.0b013e3181920e33 
Arundel, C., James, S., Northgraves, M., & Booth, A. (2019). Study reporting guidelines: How valid are they? 
Contemporary Clinical Trials Communications, 14, 100343. doi:10.1016/j.conctc.2019.100343 
 290 
Asker, M., Brooke, H. L., Walden, M., Tranaeus, U., Johansson, F., Skillgate, E., & Holm, L. W. (2018). Risk 
factors for, and prevention of, shoulder injuries in overhead sports: A systematic review with best-
evidence synthesis. British Journal of Sports Medicine, 52(20), 1312-1319. doi:10.1136/bjsports-2017-
098254 
Austin, D. C., Torchia, M. T., Werth, P. M., Lucas, A. P., Moschetti, W. E., & Jevsevar, D. S. (2019). A one-
question patient-reported outcome measure is comparable to multiple-question measures in total knee 
arthroplasty patients. Journal of Arthroplasty, 34(12), 2937-2943. doi:10.1016/j.arth.2019.07.023 
Azzam, M. G., Throckmorton, T. W., Smith, R. A., Graham, D., Scholler, J., & Azar, F. M. (2015). The 
Functional Movement Screen as a predictor of injury in professional basketball players. Current 
Orthopaedic Practice, 26(6), 619-623. doi:10.1097/BCO.0000000000000296 
Bahr, R. (2009). No injuries, but plenty of pain? On the methodology for recording overuse symptoms in sports. 
British Journal of Sports Medicine, 43(13), 966-972.  
Bahr, R. (2016). Why screening tests to predict injury do not work—and probably never will…: a critical 
review. British Journal of Sports Medicine, 50(13), 776-780. doi:10.1136/bjsports-2016-096256 
Bahr, R., Clarsen, B., Derman, W., Dvorak, J., Emery, C. A., Finch, C. F., . . . Chamari, K. (2020). International 
Olympic Committee consensus statement: methods for recording and reporting of epidemiological data 
on injury and illness in sport 2020 (including STROBE Extension for Sport Injury and Illness 
Surveillance (STROBE-SIIS)). British Journal of Sports Medicine, 54(7), 372. doi:10.1136/bjsports-
2019-101969 
Bahr, R., Clarsen, B., & Ekstrand, J. (2018). Why we should focus on the burden of injuries and illnesses, not 
just their incidence. British Journal of Sports Medicine, 52(16), 1018-1021. doi:10.1136/bjsports-2017-
098160 
Bahr, R., & Holme, I. (2003). Risk factors for sports injuries — a methodological approach. British Journal of 
Sports Medicine, 37(5), 384-392.  
Banister EW, M. J., Wenger HA, et al. (1991). Modeling elite athletic performance: physiological testing of the 
high-performance athlete. Campaign (IL): Human Kinetics Books. 
Bardenett, S. M., Micca, J. J., DeNoyelles, J. T., Miller, S. D., Jenk, D. T., & Brooks, G. S. (2015). Functional 
Movement Screen normative values and validity in high school athletes: can the FMS™ be used as a 
predictor of injury? International Journal of Sports Physical Therapy, 10(3), 303-308.  
Barker, J. (2019, June 9). Fitness: Are CrossFit enthusiasts more prone to injury? Montreal Gazette. Retrieved 
October 20, 2020 from https://montrealgazette.com/health/diet-fitness/fitness-are-crossfit-enthusiasts-
more-prone-to-injury 
Barrett, E., McCreesh, K., & Lewis, J. (2014). Reliability and validity of non-radiographic methods of thoracic 
kyphosis measurement: A systematic review. Manual Therapy, 19(1), 10-17. 
doi:10.1016/j.math.2013.09.003 
Batterham, A. M., & Hopkins, W. G. (2006). Making meaningful inferences about magnitudes. International 
Journal of Sports Physiology and Performance, 1(1), 50-57.  
Baxendale, E., & Hook, A. (2020). Systematic reviews should not be assumed to be systematic and 
comprehensive. Journal of Clinical Epidemiology, 117, 156-157. doi:10.1016/j.jclinepi.2019.08.001 
Beddie, R. (2019). Retraction and apology to CrossFit by Richard Beddie and Exercise New Zealand. Retrieved 
October 20, 2020 from https://s3.amazonaws.com/crossfitpubliccontent/ExerciseNewZealand-Beddie-
RetractionAndApology-190320.pdf 
Bellar, D., Hatchett, A., Judge, L. W., Breaux, M. E., & Marcus, L. (2015). The relationship of aerobic capacity, 
anaerobic peak power and experience to performance in CrossFit exercise. Biology of Sport, 32(4), 
315-320. doi:10.5604/20831862.1174771 
 291 
Bennett, H., Arnold, J., Norton, K., & Davison, K. (2020). Are we really “screening” movement? The role of 
assessing movement quality in exercise settings. Journal of Sport and Health Science, (In Press), 
S2095-2546(2020)30100-30109. doi:10.1016/j.jshs.2020.08.002 
Bennett, H., Davison, K., Arnold, J., Norton, K., Slattery, F., & Martin, M. (2017). Multi-component 
musculoskeletal movement assessment tools: a systematic review and critical appraisal of their 
development and applicability to professional practice. Journal of Strength & Conditioning Research, 
31(10), 2903-2919. doi:10.1519/jsc.0000000000002058 
Bergeron, M. F., Nindl, B. C., Deuster, P. A., Baumgartner, N., Kane, S. F., Kraemer, W. J., . . . O'Connor, F. G. 
(2011). Consortium for Health and Military Performance and American College of Sports Medicine 
consensus paper on extreme conditioning programs in military personnel. Current Sports Medicine 
Reports, 10(6), 383-389. doi:10.1249/JSR.0b013e318237bf8a 
Bittencourt, N. F. N., Meeuwisse, W. H., Mendonça, L. D., Nettel-Aguirre, A., Ocarino, J. M., & Fonseca, S. T. 
(2016). Complex systems approach for sports injuries: moving from risk factor identification to injury 
pattern recognition—narrative review and new concept. British Journal of Sports Medicine, 50(21), 
1309-1314. doi:10.1136/bjsports-2015-095850 
Blikman, E. M., Hoozemans, J. M., Harts, C., & Koteris, A. (2013). Is de Functional Movement Screen 
betrouwbaar en kan deze uitval door blessures voorspellen tijdens de militaire opleiding? Sport & 
Geneeskunde(2), 36-44.  
Blunt, C. J. (2015). Hierarchies of evidence in evidence-based medicine. (Doctorate). The London School of 
Economics and Political Science, Retrieved October 20, 2020 from 
http://etheses.lse.ac.uk/3284/1/Blunt_heirachies_of_evidence.pdf  
Bodden, J. G., Needham, R. A., & Chockalingam, N. (2015). The effect of an intervention program on 
Functional Movement Screen test scores in mixed martial arts athletes. Journal of Strength & 
Conditioning Research, 25(1), 219-225. doi:10.1519/JSC.0b013e3182a480bf. 
Bompa, T. O. (2019). Periodization : theory and methodology of training (Sixth edition. ed.). Champaign, IL: 
Human Kinetics. 
Bonato, S. (2018). Searching the grey literature: A handbook for searching reports, working papers, and other 
unpublished research: Rowman & Littlefield Publishers. 
Bonazza, N. A., Smuin, D., Onks, C. A., Silvis, M. L., & Dhawan, A. (2016). Reliability, validity, and injury 
predictive value of the Functional Movement Screen: A systematic review and meta-analysis. 
American Journal of Sports Medicine, 45(3), 725-732. doi:10.1177/0363546516641937 
Borenstein, M., Hedges, L. V., Higgins, J. P. T., & Rothstein, H. R. (2009). Introduction to meta-analysis. 
United Kingdom: John Wiley & Sons Ltd. 
Borenstein, M., Hedges, L. V., Higgins, J. P. T., & Rothstein, H. R. (2010). A basic introduction to fixed-effect 
and random-effects models for meta-analysis. Research Synthesis Methods, 1(2), 97-111. 
doi:10.1002/jrsm.12 
Borg, G. (1998). Borg's perceived exertion and pain scales. Champaign, IL: Human Kinetics. 
Borresen, J., & Lambert, M. I. (2009). The quantification of training load, the training response and the effect on 
performance. Sports Medicine, 39(9), 779-795. doi:10.2165/11317780-000000000-00000 
Boulygina, E. A., Borisov, O. V., Valeeva, E. V., Semenova, E. A., Kostryukova, E. S., Kulemin, N. A., . . . 
Ahmetov, II. (2020). Whole genome sequencing of elite athletes. Biology of Sport, 37(3), 295-304. 
doi:10.5114/biolsport.2020.96272 
Boutron, I., Page, M. J., Higgins, J.P.T., Altman, D. G., Lundh, A., & Hróbjartsson, A. (2019). Chapter 7: 
Considering bias and conflicts of interest among the included studies. In Higgins & Thomas (Eds.), 
Cochrane handbook for systematic reviews of interventions (version 6, 2019). Retrieved October 20, 
2020  from https://training.cochrane.org/handbook/current/chapter-07 
 292 
Bowman, M. A., & Maxwell, R. A. (2018). A beginner's guide to avoiding Protected Health Information (PHI) 
issues in clinical research - With how-to's in REDCap Data Management Software. Journal of 
Biomedical Informatics, 85, 49-55. doi:10.1016/j.jbi.2018.07.008 
Boyko, E. J. (2013). Observational research — opportunities and limitations. Journal of Diabetes 
Complications, 27(6), 642-648. doi:10.1016/j.jdiacomp.2013.07.007 
Brien, S. E., Lorenzetti, D. L., Lewis, S., Kennedy, J., & Ghali, W. A. (2010). Overview of a formal scoping 
review on health system report cards. Implementation Science, 5, 2. doi:10.1186/1748-5908-5-2 
Brigle, J. (2010). The reliability of the functional movement screen. (Unpublished master's thesis). The 
University of Toledo, Ohio, United States of America.  
Brooks, J. H., & Fuller, C. W. (2006). The influence of methodological issues on the results and conclusions 
from epidemiological studies of sports injuries: illustrative examples. Sports Medicine, 36(6), 459-472.  
Brown, T. N., O'Donovan, M., Hasselquist, L., Corner, B., & Schiffman, J. M. (2016). Lower limb flexion 
posture relates to energy absorption during drop landings with soldier-relevant body borne loads. 
Applied Ergonomics, 52, 54-61. doi:10.1016/j.apergo.2015.06.004 
Bushman, T. T., Grier, T. L., Canham-Chervak, M., Anderson, M. K., North, W. J., & Jones, B. H. (2016). The 
Functional Movement Screen and injury risk: Association and predictive value in active men. 
American Journal of Sports Medicine, 44(2), 297-304. doi:10.1177/0363546515614815 
Butcher, S., & Feito, Y. (2017). An accurate look at CrossFit training: Injuries and training safely. Physio 
Matters, February, 5-8.  
Butcher, S., Judd, T., Benko, C., Horvey, K., & Pshyk, A. (2015). Relative intensity of two types of CrossFit 
exercise: acute circuit and high-intensity interval exercise. Journal of Fitness Research, 4(2), 3-15.  
Butler, R. J., Contreras, M., Burton, L. C., Plisky, P. J., Goode, A., & Kiesel, K. (2013). Modifiable risk factors 
predict injuries in firefighters during training academies. Work, 46(1), 11-17. doi:10.3233/wor-121545 
Butler, R. J., Plisky, P. J., & Kiesel, K. B. (2012). Interrater reliability of videotaped performance on the 
Functional Movement Screen using the 100-point scoring scale. Athletic Training and Sports Health 
Care, 4(3), 103-109. doi:10.3928/19425864-20110715-01 
Cardinale, M., & Varley, M. C. (2017). Wearable training-monitoring technology: Applications, challenges, and 
opportunities. International Journal of Sports Physiology and Performance, 12(Suppl 2), S255-s262. 
doi:10.1123/ijspp.2016-0423 
Carlsson, H., & Rasmussen-Barr, E. (2013). Clinical screening tests for assessing movement control in non-
specific low-back pain. A systematic review of intra- and inter-observer reliability studies. Manual 
Therapy, 18(2), 103-110. doi:10.1016/j.math.2012.08.004 
Carneiro, I., Howard, N., Bailey, L., Vardulaki, K., Langham, J., & Chandramohen, D. (2011). Introduction to 
Epidemiology (2nd ed.). Berkshire, England: McGraw-Hill Education, Open University Press., p93. 
Cassidy, S., Thoma, C., Houghton, D., & Trenell, M. I. (2017). High-intensity interval training: a review of its 
impact on glucose control and cardiometabolic health. Diabetologia, 60(1), 7-23. doi:10.1007/s00125-
016-4106-1 
Cazayoux, M., & Debeliso, M. (2019). Effect of grit on performance in Crossfit in advanced and novice 
athletes. Turkish Journal of Kinesiology. doi:10.31459/turkjkin.517615 
Chachula, L. A., Cameron, K. L., & Svoboda, S. J. (2016). Association of prior injury with the report of new 
injuries sustained during CrossFit training. Athletic Training & Sports Health Care, 8(1), 28-34. 
doi:10.3928/19425864-20151119-02 
Chinn, S. (1991). Statistics in respiratory medicine. 2. Repeatability and method comparison. Thorax, 46(6), 
454-456.  
 293 
Chorba, R. S., Chorba, D. J., Bouillon, L. E., Overmyer, C. A., & Landis, J. A. (2010). Use of a functional 
movement screening tool to determine injury risk in female collegiate athletes. North American 
Journal of Sports Physical Therapy, 5(2), 47-54.  
Cicchetti, D. V., & Feinstein, A. R. (1990). High agreement but low kappa: II. Resolving the paradoxes. Journal 
of Clinical Epidemiology, 43(6), 551-558.  
Clarsen, B. (2017). Current severity measures are insufficient for overuse injuries. Science and Medicine in 
Football, 1(1), 91-92. doi:10.1080/24733938.2016.1256579 
Clarsen, B., & Bahr, R. (2014). Matching the choice of injury/illness definition to study setting, purpose and 
design: one size does not fit all! British Journal of Sports Medicine, 48(7), 510-512. 
doi:10.1136/bjsports-2013-093297 
Clarsen, B., Bahr, R., Myklebust, G., Andersson, S. H., Docking, S. I., Drew, M., . . . Verhagen, E. (2020). 
Improved reporting of overuse injuries and health problems in sport: an update of the Oslo Sport 
Trauma Research Center questionnaires. British Journal of Sports Medicine, 54(7), 390-396. 
doi:10.1136/bjsports-2019-101337 
Clarsen, B., & Moseby Berge, H. (2016). Screening is dead. Long live screening! British Journal of Sports 
Medicine, 50(13), 769. doi:10.1136/bjsports-2016-096475 
Clarsen, B., Myklebust, G., & Bahr, R. (2013). Development and validation of a new method for the registration 
of overuse injuries in sports injury epidemiology: the Oslo Sports Trauma Research Centre (OSTRC) 
overuse injury questionnaire. British Journal of Sports Medicine, 47(8), 495-502. doi:10.1136/bjsports-
2012-091524 
Clarsen, B., Rønsen, O., Myklebust, G., Flørenes, T. W., & Bahr, R. (2014). The Oslo Sports Trauma Research 
Center questionnaire on health problems: a new approach to prospective monitoring of illness and 
injury in elite athletes. British Journal of Sports Medicine, 48(9), 754-760. doi:10.1136/bjsports-2012-
092087 
Claudino, J. G., Gabbett, T. J., Bourgeois, F., Souza, H. S., Miranda, R. C., Mezencio, B., . . . Serrao, J. C. 
(2018). CrossFit overview: Systematic review and meta-analysis. Sports Medicine Open, 4(1), 11. 
doi:10.1186/s40798-018-0124-5 
Cohen, B. A. (2017). How should novelty be valued in science? eLife, 6, e28699. doi:10.7554/eLife.28699 
Cook, G., Burton, L., & Hoogenboom, B. (2006a). Pre-participation screening: the use of fundamental 
movements as an assessment of function - Part 1. North American Journal of Sports Physical Therapy, 
1(2), 62-72.  
Cook, G., Burton, L., & Hoogenboom, B. (2006b). Pre-participation screening: the use of fundamental 
movements as an assessment of function - Part 2. North American Journal of Sports Physical Therapy, 
1(3), 132-139.  
Cook, G., Burton, L., Hoogenboom, B. J., & Voight, M. (2014a). Functional movement screening: the use of 
fundamental movements as an assessment of function - Part 1. International Journal of Sports Physical 
Therapy, 9(3), 396-409.  
Cook, G., Burton, L., Hoogenboom, B. J., & Voight, M. (2014b). Functional movement screening: the use of 
fundamental movements as an assessment of function - Part 2. International Journal of Sports Physical 
Therapy, 9(4), 549-563.  
Cook, G., Burton, L., Kiesel, K., & Rose, G. (2010a). Movement: Functional Movement Systems - screening, 
assessment, corrective strategies. Aptos, CA.: On Target Publications. 
Cook, G., Burton, L., Kiesel, K., & Rose, G. (2010b). Movement: Functional Movement Systems—Screening, 
Assessment, Corrective Strategies. Aptos, CA.: On Target Publications. 
Cooper, H. M. (2010). Research synthesis and meta-analysis : a step-by-step approach (4th ed.). Los Angeles: 
SAGE. 
 294 
Cooperman, S. (2005). Getting fit, even if it kills you. The New York Times. Retrieved October 20, 2020 from 
https://www.nytimes.com/2005/12/22/fashion/thursdaystyles/getting-fit-even-if-it-kills-you.html 
Cowden, R. G., Fuller, D. K., & Anshel, M. H. (2014). Psychological predictors of mental toughness in elite 
tennis: an exploratory study in learned resourcefulness and competitive trait anxiety. Perceptual and 
Motor Skills, 119(3), 661-678. doi:10.2466/30.PMS.119c27z0 
Coyne, J. O. C., Gregory Haff, G., Coutts, A. J., Newton, R. U., & Nimphius, S. (2018). The current state of 
subjective training load monitoring - a practical perspective and call to action. Sports Medicine Open, 
4(1), 58-58. doi:10.1186/s40798-018-0172-x 
CrossFit Atlanta. (2006). Athletic skill standards. Retrieved October 20, 2020 from 
https://crossfitatlanta.typepad.com/CrossFit_Athletic_Skill_Stand.pdf 
CrossFit Cincinnati. (2009). Athletic skill levels. Retrieved October 20, 2020 from 
http://crossfitcincinnati.net/2009/06/26/athletic-skill-levels/ 
CrossFit Inc. (2016). CrossFit specialty course: Competitor’s training guide. Retrieved October 20, 2020 from 
https://www.crossfit.com/cf-seminars/SMERefs/Competitor/CrossFitCompetitorsTrainingGuide.pdf 
CrossFit Inc. (2019). Skill development forever. Retrieved October 20, 2020 from 
https://www.crossfit.com/essentials/skill-development-forever 
CrossFit Inc. (2020a). About the games. Retrieved October 20, 2020 from https://games.crossfit.com/about-the-
games 
CrossFit Inc. (2020b). Level 1 Training Guide (3 ed.): CrossFit Inc. 
CrossFit Inc. (2020c). Mechanics, consistency, intensity: What does it mean? Retrieved October 20, 2020 from 
https://www.crossfit.com/essentials/mechanics-consistency-intensity-part-1-what-does-it-mean 
CrossFit Inc. (n.d.). The CrossFit training guide (version 4). Retrieved October 20, 2020 from 
http://www.crossfit.com/cf-seminars/CertRefs/CF_Manual_v4.pdf 
Cuchna, J. W., Hoch, M. C., & Hoch, J. M. (2016). The interrater and intrarater reliability of the functional 
movement screen: A systematic review with meta-analysis. Physical Therapy in Sport, 19, 57-65. 
doi:10.1016/j.ptsp.2015.12.002 
Cunningham, G., Ladermann, A., Denard, P. J., Kherad, O., & Burkhart, S. S. (2015). Correlation between 
American shoulder and elbow surgeons and Single Assessment Numerical Evaluation Score after 
rotator cuff or SLAP Repair. Arthroscopy, 31(9), 1688-1692. doi:10.1016/j.arthro.2015.03.010 
da Costa, B. R., Cevallos, M., Altman, D. G., Rutjes, A. W., & Egger, M. (2011). Uses and misuses of the 
STROBE statement: bibliographic study. BMJ Open, 1(1), e000048. doi:10.1136/bmjopen-2010-
000048 
Daly, L. E. (1998). Confidence limits made easy: interval estimation using a substitution method. American 
Journal of Epidemiology, 147(8), 783-790. doi:10.1093/oxfordjournals.aje.a009523 
Daniel, W. W. (1999). Biostatistics: A foundation for analysis in health sciences. (7th ed.). New York: John 
Wiley & Sons. 
Daudt, H. M., Van Mossel, C., & Scott, S. J. (2013). Enhancing the scoping study methodology: a large, inter-
professional team’s experience with Arksey and O’Malley’s framework. BMC Medical Research 
Methodology, 13(1), 48. doi:10.1186/1471-2288-13-48 
Davidson, M., & Keating, J. (2014). Patient-reported outcome measures (PROMs): how should I interpret 
reports of measurement properties? A practical guide for clinicians and researchers who are not 
biostatisticians. British Journal of Sports Medicine, 48(9), 792-796. doi:10.1136/bjsports-2012-091704 
Davis, G. (2013). Is CrossFit killing us? Outside. Retrieved October 20, 2020 from 
https://www.outsideonline.com/1928481/crossfit-killing-us 
 295 
Davis, K., Pidgeon, E., Orr, R., Hing, W., McLellan, C., Stierli, M., & Hinton, B. (2013). Intertester and 
intratester reliability of the functional movement screen in the police physical training instructor 
population. Journal of Australian Strength & Conditioning, May, Suppl 107.  
Day, M. L., McGuigan, M. R., Brice, G., & Foster, C. (2004). Monitoring exercise intensity during resistance 
training using the session RPE scale. Journal of Strength & Conditioning Research, 18(2), 353-358. 
doi:10.1519/R-13113.1 
de Almeida, R. L., Carvalho, V. G., & Ribeiro Neto, F. (2018). In response to: Impact of CrossFit-related spinal 
injuries. Clinical Journal of Sport Medicine, 29(6), e87. doi:10.1097/jsm.0000000000000583 
Dempsey, P. C., Handcock, P. J., & Rehrer, N. J. (2014). Body armour: the effect of load, exercise and 
distraction on landing forces. Journal of Sports Sciences, 32(4), 301-306. 
doi:10.1080/02640414.2013.823226 
Diamond, D. (2015). Is CrossFit Safe? What '60 Minutes' Didn't Tell You. Forbes. Retrieved October 20, 2020 
from https://www.forbes.com/sites/dandiamond/2015/05/11/is-crossfit-good-for-you-what-60-minutes-
didnt-say/#3896f7ae508c 
Dick, R., Agel, J., & Marshall, S. W. (2007). National Collegiate Athletic Association injury surveillance 
system commentaries: introduction and methods. Journal of Athletic Training, 42(2), 173-182.  
Dickens, J. F., Owens, B. D., Cameron, K. L., Kilcoyne, K., Allred, C. D., Svoboda, S. J., . . . Rue, J. P. (2014). 
Return to play and recurrent instability after in-season anterior shoulder instability: A prospective 
multicenter study. American Journal of Sports Medicine, 42(12), 2842-2850. 
doi:10.1177/0363546514553181 
Dominski, F. H., Siqueira, T. C., Serafim, T. T., & Andrade, A. (2018). Injury profile in CrossFit practitioners: 
systematic review. Fisioterapia e Pesquisa, 25(2), 229-239. doi:10.1590/1809-2950/17014825022018 
Dominski, F. H., Siqueira, T. C., Serafim, T. T., & Andrade, A. (2019). Comment on: “CrossFit and 
rhabdomyolysis: A case series of 11 patients presenting at a single academic institution”. Journal of 
Science and Medicine in Sport, 22(9), 974-975. doi:10.1016/j.jsams.2019.04.011 
Dorrel, B. S., Long, T., Shaffer, S., & Myer, G. D. (2015). Evaluation of the Functional Movement Screen as an 
injury prediction tool among active adult populations: A systematic review and meta-analysis. Sports 
Health, 7(6), 532-537. doi:10.1177/1941738115607445 
Dos Santos Rocha, J. A., Pereira, G., Kilipper, R., Pereira, J., Barsanulfo, S., Castro, F. B., . . . Pereira, R. 
(2020). Influence of key-points of ring muscle-up execution on movement performance: A descriptive 
analysis. Central European Journal of Sport Sciences and Medicine, 29(1), 42-51. 
doi:10.18276/cej.2020.1-05 
Dossa, K., Cashman, G., Howitt, S., West, B., & Murray, N. (2014). Can injury in major junior hockey players 
be predicted by a pre-season functional movement screen–a prospective cohort study. Journal of the 
Canadian Chiropractic Association, 58(4), 421.  
Downs, S. H., & Black, N. (1998). The feasibility of creating a checklist for the assessment of the 
methodological quality both of randomised and non-randomised studies of health care interventions. 
Journal of Epidemiology and Community Health, 52(6), 377-384. doi:10.1136/jech.52.6.377 
Drake, N., Smeed, J., Carper, M. J., & Crawford, D. A. (2017). Effects of short-term CrossFit™ training: A 
magnitude-based approach. Journal of Exercise Physiology Online, 20(2), 111-133.  
Drew, M. K., & Finch, C. F. (2016). The relationship between training load andinjury, illness and soreness: A 
systematic and literature review. Sports Medicine, 46(6), 861-883. doi:10.1007/s40279-015-0459-8 
Drum, S. N., Bellovary, B. N., Jensen, R. L., Moore, M. T., & Donath, L. (2017). Perceived demands and 
postexercise physical dysfunction in CrossFit® compared to an ACSM based training session. Journal 
of Sports Medicine & Physical Fitness, 57(5), 604-609. doi:10.23736/S0022-4707.16.06243-5 
Dudley, J. (2010). The interrater and intrarater reliability of the functional movement screen. (Master of 
Science). Western Washington University,  
 296 
DuRant, R. H. (1994). Checklist for the evaluation of research articles. Journal of Adolescent Health, 15(1), 4-8.  
Dvorak, J., Junge, A., Chomiak, J., Graf-Baumann, T., Peterson, L., Rosch, D., & Hodgson, R. (2000). Risk 
factor analysis for injuries in football players. Possibilities for a prevention program. American Journal 
of Sports Medicine, 28(5 Suppl), S69-74. doi:10.1177/28.suppl_5.s-69 
Eckard, T. G., Padua, D. A., Hearn, D. W., Pexa, B. S., & Frank, B. S. (2018). The relationship between training 
load and injury in athletes: A systematic review. Sports Medicine, 48(8), 1929-1961. 
doi:10.1007/s40279-018-0951-z 
Edouard, P., Feddermann-Demont, N., Alonso, J. M., Branco, P., & Junge, A. (2015). Sex differences in injury 
during top-level international athletics championships: surveillance data from 14 championships 
between 2007 and 2014. British Journal of Sports Medicine, 49(7), 472-477. doi:10.1136/bjsports-
2014-094316 
Edwards, L. C., Bryant, A. S., Keegan, R. J., Morgan, K., & Jones, A. M. (2016). Definitions, foundations and 
associations of physical literacy: A systematic review. Sports Medicine, 47(1), 113–126. 
doi:10.1007/s40279-016-0560-7 
Edwards, S. (1993). High performance training and racing. In S. Edwards (Ed.), The heart rate monitor book 
(pp. 113-123). Sacramento: Feet Fleet Press. 
Egan, A. D., Winchester, J. B., Foster, C., & M.R., M. (2006). Using session RPE to monitor different methods 
of resistance exercise. Journal of Sports Science and Medicine, 5(2), 289-295.  
Ehlers, L., Askling, J., Bijlsma, H. W., Cid, M. C., Cutolo, M., Dasgupta, B., . . . Buttgereit, F. (2019). 2018 
EULAR recommendations for a core data set to support observational research and clinical care in 
giant cell arteritis. Annals of Rheumatic Diseases, 78(9), 1160-1166. doi:10.1136/annrheumdis-2018-
214755 
Ehrmann, F. E., Duncan, C. S., Sindhusake, D., Franzsen, W. N., & Greene, D. A. (2016). GPS and Injury 
Prevention in Professional Soccer. Journal of Strength & Conditioning Research, 30(2), 360-367. 
doi:10.1519/jsc.0000000000001093 
Ekegren, C. L., Gabbe, B. J., & Finch, C. F. (2016). Sports injury surveillance systems: A review of methods 
and data quality. Sports Medicine, 46(1), 49-65. doi:10.1007/s40279-015-0410-z 
Eldridge, S. M., Lancaster, G. A., Campbell, M. J., Thabane, L., Hopewell, S., Coleman, C. L., & Bond, C. M. 
(2016). Defining feasibility and pilot studies in preparation for randomised controlled trials: 
Development of a conceptual framework. PLoS One, 11(3), e0150205. 
doi:10.1371/journal.pone.0150205 
Elkin, J. L., Kammerman, J. S., Kunselman, A. R., & Gallo, R. A. (2019). Likelihood of injury and medical care 
between CrossFit and traditional weightlifting participants. Orthopaedic Journal of Sports Medicine, 
7(5), 2325967119843348. doi:10.1177/2325967119843348 
Equator-Network. (n.d.). What is a reporting guideline? Retrieved October 20, 2020 from https://www.equator-
network.org/about-us/what-is-a-reporting-guideline/ 
Escalante, G., Gentry, C. R., Kern, B. D., & Waryasz, G. R. (2017). Injury patterns and rates of Costa Rican 
CrossFit® participants - a retrospective study. Medicina Sportivâ, 13(2), 2927-2934.  
Esmaeili, A., Stewart, A. M., Hopkins, W. G., Elias, G. P., & Aughey, R. J. (2017). Effects of training load and 
leg dominance on Achilles and patellar tendon structure. International Journal of Sports Physiology 
and Performance, 12(Suppl 2), S2122-s2126. doi:10.1123/ijspp.2016-0397 
Esser, S., Thurston, M., Nalluri, K., & Muzaurieta, A. (2017). "Numb-Leg" in a CrossFit athlete: A case 
presentation. PM & R: Journal of Injury, Function & Rehabilitation, 9(8), 834-836. 
doi:10.1016/j.pmrj.2017.03.007 
Falavarjani, K. G., Kashkouli, M. O., & Chams, H. (2016). Letter to Editor, a scientific forum for discussion. 
Journal of Current Ophthalmology, 28(1), 1-2. doi:10.1016/j.joco.2016.01.006 
 297 
Faulkner, L. (2003). Beyond the five-user assumption: Benefits of increased sample sizes in usability testing. 
Behavior Research Methods, Instruments, & Computers, 35(3), 379-383. doi:10.3758/bf03195514 
Fawcett, M. A. (2014). Reliability of the Functional Movement Screen scores for older adults. (Unpublished 
master’s thesis). Bowling Green State University, Ohio, United States of America.  
Feito, Y., Brown, C., & Olmos, A. (2019). A content analysis of the High-Intensity Functional Training 
Literature: a look at the past and directions for the future. Human Movement, 20(2), 1-15. 
doi:10.5114/hm.2019.81020 
Feito, Y., Burrows, E. K., & Tabb, L. P. (2018). A 4-Year analysis of the incidence of injuries among CrossFit-
trained participants. Orthopaedic Journal of Sports Medicine, 6(10), 2325967118803100. 
doi:10.1177/2325967118803100 
Feito, Y., Burrows, E. K., & Tabb, L. P. (2018). A cross-sectional look at injuries among individuals engaged in 
Crossfit training: A four-year study (Conference Abstract). Medicine & Science in Sports & Exercise, 
50, 579-579. doi:10.1249/01.mss.0000536997.56886.97 
Feito, Y., Heinrich, K. M., Butcher, S. J., & Poston, W. S. C. (2018). High-Intensity Functional Training 
(HIFT): Definition and research implications for improved fitness. Sports (Basel), 6(3). 
doi:10.3390/sports6030076 
Feito, Y., Hoffstetter, W., Serafini, P., & Mangine, G. (2018). Changes in body composition, bone metabolism, 
strength, and skill-specific performance resulting from 16-weeks of HIFT. PLoS One, 13(6), e0198324. 
doi:10.1371/journal.pone.0198324 
Feito, Y., & Paul, A. (2014). [ACSM ABSTRACT] Prevalence of injury among CrossFit® participants. 
Medicine & Science in Sports & Exercise, 46((5 Supp)), 762.  
Ferenstein, G. (2011). CrossFit: Where navy SEALs and pregnant soccer Moms help each other get ripped. 
Retrieved October 20, 2020 from http://www.fastcompany.com/1771136/crossfit-where-navy-seals-
and-pregnant-soccer-moms-help-each-other-get-ripped 
Ferguson, W. (2016). Effects of a sit-stand ergonomic intervention on musculoskeletal discomfort in sedentary 
office workers : a single case design. (Master). Unitec Institute of Technology, Auckland, New 
Zealand. Retrieved October 20, 2020 from https://unitec.researchbank.ac.nz/handle/10652/3637  
Finch, C. (2006). A new framework for research leading to sports injury prevention. Journal of Science & 
Medicine in Sport, 9(1-2), 3-9. doi:10.1016/j.jsams.2006.02.009 
Finch, C. F., & Cook, J. (2014). Categorising sports injuries in epidemiological studies: the subsequent injury 
categorisation (SIC) model to address multiple, recurrent and exacerbation of injuries. British Journal 
of Sports Medicine, 48, 1276–1280. doi:10.1136/bjsports-2012-091729 
Finch, C. F., Cook, J., Gabbe, B. J., & Orchard, J. (2015). A new way of categorising recurrent, repeat and 
multiple sports injuries for injury incidence studies – the Subsequent Injury Categorisation (SIC) 
model. Australasian Epidemiologist, 22(1), 22-25.  
Finch, C. F., Valuri, G., & Ozanne-Smith, J. (1999). Injury surveillance during medical coverage of sporting 
events--development and testing of a standardised data collection form. Journal of Science & Medicine 
in Sport, 2(1), 42-56. doi:10.1016/s1440-2440(99)80183-2 
Fincham, J. E., & Draugalis, J. R. (2013). The importance of survey research standards. American Journal of 
Pharmaceutical Education, 77(1), 1-4.  
Fisher, J., Sales, A., Carlson, L., & Steele, J. (2017). A comparison of the motivational factors between CrossFit 
participants and other resistance exercise modalities: a pilot study. Journal of Sports Medicine and 
Physical Fitness, 57(9), 1227-1234. doi:10.23736/s0022-4707.16.06434-3 
Fonseca, S. T., Souza, T. R., Verhagen, E., van Emmerik, R., Bittencourt, N. F. N., Mendonça, L. D. M., . . . 
Ocarino, J. M. (2020). Sports injury forecasting and complexity: A synergetic approach. Sports 
Medicine, 50(10), 1757-1770. doi:10.1007/s40279-020-01326-4 
 298 
Foster, C., Florhaug, J. A., Franklin, J., Gottschall, L., Hrovatin, L. A., Parker, S., . . . Dodge, C. (2001). A new 
approach to monitoring exercise training. Journal of Strength & Conditioning Research, 15(1), 109-
115.  
Fowler, F. J. (2009). Survey research methods (4th ed.). doi:10.4135/9781452230184 
Friedman, M. V., Stensby, J. D., Hillen, T. J., Demertzis, J. L., & Keener, J. D. (2015). Traumatic tear of the 
latissimus dorsi myotendinous junction: Case report of a CrossFit-related injury. Sports Health: A 
Multidisciplinary Approach, 7(6), 548-552. doi:10.1177/1941738115595975 
Friman, G., & Wesslen, L. (2000). Special feature for the Olympics: effects of exercise on the immune system: 
infections and exercise in high-performance athletes. Immunology & Cell Biology, 78(5), 510-522. 
doi:10.1111/j.1440-1711.2000.t01-12-.x 
Frohm, A., Heijne, A., Kowalski, J., Svensson, P., & Myklebust, G. (2012). A nine-test screening battery for 
athletes: A reliability study. Scandanavian Journal of Medicine & Science in Sports 22(3), 306-315. 
doi:10.1111/j.1600-0838.2010.01267.x 
Frost, D., Andersen, J., Lam, T., Finlay, T., Darby, K., & McGill, S. (2013). The relationship between general 
measures of fitness, passive range of motion and whole-body movement quality. Ergonomics, 56(4), 
637-649. doi:10.1080/00140139.2011.620177 
Fuller, C. W. (2010). Injury definitions. In E. Verhagen & W. van Mechelen (Eds.), Sports Injury Research. 
Oxford: Oxford University Press. 
Fuller, C. W., Ekstrand, J., Junge, A., Andersen, T. E., Bahr, R., Dvorak, J., . . . Meeuwisse, W. H. (2006). 
Consensus statement on injury definitions and data collection procedures in studies of football (soccer) 
injuries. British Journal of Sports Medicine, 40(3), 193-201.  
Fuller, C. W., Molloy, M. G., Bagate, C., Bahr, R., Brooks, J. H., Donson, H., . . . Wiley, P. (2007). Consensus 
statement on injury definitions and data collection procedures for studies of injuries in rugby union. 
British Journal of Sports Medicine, 41(5), 328-331. doi:10.1136/bjsm.2006.033282 
Fuller, J. T., Chalmers, S., Debenedictis, T. A., Townsley, S., Lynagh, M., Gleeson, C., . . . Magarey, M. (2016). 
High prevalence of dysfunctional, asymmetrical, and painful movement in elite junior Australian 
Football players assessed using the Functional Movement Screen. Journal of Science & Medicine in 
Sport, 20(2), 134-138. doi:10.1016/j.jsams.2016.05.003 
Fulton, J., Wright, K., Kelly, M., Zebrosky, B., Zanis, M., Drvol, C., & Butler, R. (2014). Injury risk is altered 
by previous injury: A systematic review of the literature and presentation of causative neuromuscular 
factors. International Journal of Sports Physical Therapy, 9(5), 583-595.  
Functional Movement Systems Inc. (2020). Course List. Retrieved October 20, 2020 from 
https://www.functionalmovement.com/events 
Gabbett, T. J. (2010). The development and application of an injury prediction model for the non-contact, soft-
tissue injuries in elite collision sport athletes Journal of Strength and Conditioning Research, 24(10), 
2593-2603.  
Gabbett, T. J. (2016). The training-injury prevention paradox: should athletes be training smarter and harder? 
British Journal of Sports Medicine, 50(5), 273-280. doi:10.1136/bjsports-2015-095788 
Gabbett, T. J. (2018). Debunking the myths about training load, injury and performance: empirical evidence, hot 
topics and recommendations for practitioners. British Journal of Sports Medicine, 54(1), 58-66.  
Gabbett, T. J., Hulin, B., Blanch, P., Chapman, P., & Bailey, D. (2019). To couple or not to couple? For 
acute:chronic workload ratios and injury risk, does it really matter? International Journal of Sports 
Medicine, 40(9), 597-600. doi:10.1055/a-0955-5589 
Gabbett, T. J., Hulin, B. T., Blanch, P., & Whiteley, R. (2016). High training workloads alone do not cause 
sports injuries: how you get there is the real issue. British Journal of Sports Medicine, 50(8), 444-445. 
doi:10.1136/bjsports-2015-095567 
 299 
Garcia, A. N., Cook, C., Lutz, A., & Thigpen, C. A. (2019). Concurrent validity of the single assessment 
numerical evaluation and patient-reported functional measures in patients with musculoskeletal 
disorders: An observational study. Musculoskeletal Science and Practice, 44, 102057. 
doi:10.1016/j.msksp.2019.102057 
Garrison, M., Westrick, R., Johnson, M. R., & Benenson, J. (2015). Association between the functional 
movement screen and injury development in college athletes. International Journal of Sports Physical 
Therapy, 10(1), 21-28.  
Geisen, E., & Bergstrom, J. R. (2017). Usability testing for survey research. Cambridge, MA.: Elsevier. 
Giannakopoulos, N. N., Rammelsberg, P., Eberhard, L., & Schmitter, M. (2012). A new instrument for 
assessing the quality of studies on prevalence. Clinical Oral Investigations 16(3), 781-788. 
doi:10.1007/s00784-011-0557-4 
Gianzina, E. A., & Kassotaki, O. A. (2019). The benefits and risks of the high-intensity CrossFit training. Sport 
Sciences for Health, 15(1), 21-33.  
Gibala, M. J., Little, J. P., Macdonald, M. J., & Hawley, J. A. (2012). Physiological adaptations to low-volume, 
high-intensity interval training in health and disease. Journal of Physiology 590(5), 1077-1084. 
doi:10.1113/jphysiol.2011.224725 
Gillison, F. B., Standage, M., & Skevington, S. M. (2006). Relationships among adolescents' weight 
perceptions, exercise goals, exercise motivation, quality of life and leisure-time exercise behaviour: a 
self-determination theory approach. Health Education Research, 21(6), 836-847. 
doi:10.1093/her/cyl139 
Glassman, G. (2002). What is fitness? CrossFit Journal. Retrieved October 20, 2020 from 
http://library.crossfit.com/free/pdf/CFJ-trial.pdf 
Glassman, G. (2005). Fundamentals, virtuosity, and mastery. CrossFit Journal.  
Glassman, G. (2007). Understanding CrossFit. CrossFit Journal (56), 1-2. Retrieved October 20, 2020 from 
http://library.crossfit.com/free/pdf/CFJ_56-07_Understanding.pdf 
Glassman, J. A. (2012). Consortium for health and military performance and American College of Sports 
medicine consensus paper on extreme conditioning programs in military personnel. An Answer. 
CrossFit Journal. Retrieved October 20, 2020 from http://journal.crossfit.com/2012/09/consortium-for-
health-and-military-performance-and-american-college-of-sports-medicine-consensus-pap.tpl 
Gnacinski, S. L., Cornell, D. J., Meyer, B. B., Arvinen-Barrow, A., & Earl-Boehm, J. E. (2016). Functional 
Movement Screen factorial validity and measurement invariance across sex among collegiate student-
athletes. Journal of Strength & Conditioning Research, 30 (12), 3388-3395. 
doi:10.1519/JSC.0000000000001448 
Godoy, I. R. B., Malavolta, E. A., Lundberg, J. S., da Silva, J. J., & Skaf, A. (2019). Humeral stress fracture in a 
female CrossFit athlete: a case report. BMC Musculoskelet Disord, 20(1), 150-150. 
doi:10.1186/s12891-019-2532-1 
Gorgos, K. S., Wasylyk, N. T., Van Lunen, B. L., & Hoch, M. C. (2014). Inter-clinician and intra-clinician 
reliability of force application during joint mobilization: A systematic review. Manual Therapy, 19(2), 
90-96. doi:10.1016/j.math.2013.12.003 
Gough, D., Oliver, S., & Thomas, J. (2012). An introduction to systematic reviews. Los Angeles: SAGE. 
Grant, M. J., & Booth, A. (2009). A typology of reviews: an analysis of 14 review types and associated 
methodologies. Health Information and Libraries Journal, 26(2), 91-108. doi:10.1111/j.1471-
1842.2009.00848.x 




Gribble, P. A., Brigle, J., Pietrosimone, B. G., Pfile, K. R., & Webster, K. A. (2013). Intrarater reliability of the 
functional movement screen. Journal of Strength & Conditioning Research, 27(4), 978-981 
doi:10.1519/JSC.0b013e31825c32a8 
Grier, T., Canham-Chervak, M., McNulty, V., & Jones, B. H. (2013). Extreme conditioning programs and 
injury risk in a US Army Brigade Combat Team. United States Army Medicine Department Journal, 
Oct-Dec, 36-47.  
Griffin, A., Kenny, I. C., Comyns, T. M., & Lyons, M. (2020). The association between the acute:chronic 
workload ratio and injury and its application in team sports: A systematic review. Sports Medicine, 
50(3), 561. doi:10.1007/s40279-019-01218-2 
Gulgin, H., & Hoogenboom, B. (2014). The functional movement screening (FMS): an inter-rater reliability 
study between raters of varied experience. International Journal Of Sports Physical Therapy, 9(1), 14-
20.  
Guyatt, G. H., Oxman, A. D., Vist, G. E., Kunz, R., Falck-Ytter, Y., Alonso-Coello, P., & Schunemann, H. J. 
(2008). GRADE: an emerging consensus on rating quality of evidence and strength of 
recommendations. BMJ, 336(7650), 924-926. doi:10.1136/bmj.39489.470347.AD 
Haddad, M., Padulo, J., & Chamari, K. (2014). The usefulness of session rating of perceived exertion for 
monitoring training load despite several influences on perceived exertion. International Journal of 
Sports Physiology & Performance, 9(5), 882-883. doi:10.1123/ijspp.2014-0010 
Haddad, M., Stylianides, G., Djaoui, L., Dellal, A., & Chamari, K. (2017). Session-RPE method for training 
load monitoring: Validity, ecological usefulness, and influencing factors. Frontiers in Neuroscience, 
11, 612-612. doi:10.3389/fnins.2017.00612 
Hadeed, M. J., Kuehl, K. S., Elliot, D. L., & Sleigh, A. (2011). Exertional rhabdomyolysis after Crossfit 
exercise program (Conference Abstract). Medicine & Science in Sports & Exercise, 43(5 (Suppl)), 224-
225 doi:10.1249/01.MSS.0000400606.24620.bc 
Hägglund, M., Waldén, M., & Ekstrand, J. (2006). Previous injury as a risk factor for injury in elite football: a 
prospective study over two consecutive seasons. British Journal of Sports Medicine, 40(9), 767-772. 
doi:10.1136/bjsm.2006.026609 
Hak, P. T., Hodzovic, E., & Hickey, B. (2013). The nature and prevalence of injury during CrossFit training. 
Journal of Strength & Conditioning Research (Original Investigation, PDF only). 
doi:10.1519/JSC.0000000000000318 
Hamilton, G. M., Meeuwisse, W. H., Emery, C. A., & Shrier, I. (2011). Subsequent injury definition, 
classification, and consequence. Clinical Journal of Sport Medicine, 21(6), 508-514. 
doi:10.1097/JSM.0b013e31822e8619 
Hamilton, G. M., Meeuwisse, W. H., Emery, C. A., & Shrier, I. (2012). Examining the effect of the injury 
definition on risk factor analysis in circus artists. Scandanavian Journal of Medicine & Science in 
Sports, 22(3), 330-334. doi:10.1111/j.1600-0838.2010.01245.x 
Hamilton, G. M., Meeuwisse, W. H., Emery, C. A., Steele, R. J., & Shrier, I. (2011). Past injury as a risk factor: 
an illustrative example where appearances are deceiving. American Journal of Epidemiology, 173(8), 
941-948. doi:10.1093/aje/kwq461 
Hammes, D., Aus der Funten, K., Bizzini, M., & Meyer, T. (2016). Injury prediction in veteran football players 
using the Functional Movement Screen. Journal of Sports Science, 34(14), 1371-1379. 
doi:10.1080/02640414.2016.1152390 
Harøy, J., Clarsen, B., Wiger, E. G., Øyen, M. G., Serner, A., Thorborg, K., . . . Bahr, R. (2019). The Adductor 
Strengthening Programme prevents groin problems among male football players: a cluster-randomised 
controlled trial. British Journal of Sports Medicine, 53(3), 150-157. doi:10.1136/bjsports-2017-098937 
Harris, J. D., Quatman, C. E., Manring, M. M., Siston, R. A., & Flanigan, D. C. (2014). How to write a 
systematic review. American Journal of Sports Medicine, 42(11), 2761-2768. 
doi:10.1177/0363546513497567 
 301 
Harris, P. A., Taylor, R., Minor, B. L., Elliott, V., Fernandez, M., O'Neal, L., . . . Duda, S. N. (2019). The 
REDCap consortium: Building an international community of software platform partners. Journal of 
Biomedical Informatics, 95, 103208. doi:10.1016/j.jbi.2019.103208 
Harris, P. A., Taylor, R., Thielke, R., Payne, J., Gonzalez, N., & Conde, J. G. (2009). Research electronic data 
capture (REDCap)--a metadata-driven methodology and workflow process for providing translational 
research informatics support. Journal of Biomedical Informatics, 42(2), 377-381. 
doi:10.1016/j.jbi.2008.08.010 
Hayen, A., Dennis, R. J., & Finch, C. F. (2007). Determining the intra- and inter-observer reliability of 
screening tools used in sports injury research. Journal of Science and Medicine in Sport, 10(4), 201-
210. doi:10.1016/j.jsams.2006.09.002 
Hegedus, E. J., McDonough, S., Bleakley, C., Cook, C. E., & Baxter, G. D. (2015). Clinician-friendly lower 
extremity physical performance measures in athletes: a systematic review of measurement properties 
and correlation with injury, part 1. The tests for knee function including the hop tests. British Journal 
of Sports Medicine, 49(10), 642-648. doi:10.1136/bjsports-2014-094094 
Helm, B. (2013). Do not cross CrossFit. Inc., 35(6), 102-116.  
Henderson, S. (2019). So how many people participated in the 2019 CrossFit Open? Retrieved October 20, 2020 
from https://morningchalkup.com/2019/04/01/so-how-many-people-participated-in-the-2019-crossfit-
open/ 
Herman, K., Barton, C., Malliaras, P., & Morrissey, D. (2012). The effectiveness of neuromuscular warm-up 
strategies, that require no additional equipment, for preventing lower limb injuries during sports 
participation: a systematic review. BMC Medicine, 10, 75. doi:10.1186/1741-7015-10-75 
Hewett, T. E. (2016). Response to: ‘Why screening tests to predict injury do not work—and probably never 
will…: a critical review’. British Journal of Sports Medicine, 50(21), 1353. doi:10.1136/bjsports-2016-
096388 
Hides, J. A., Brown, C. T., Penfold, L., & Stanton, W. R. (2011). Screening the lumbopelvic muscles for a 
relationship to injury of the quadriceps, hamstrings, and adductor muscles among elite Australian 
Football League players. Journal of Orthopaedic & Sports Physical Therapy, 41(10), 767-775. 
doi:10.2519/jospt.2011.3755 
Hides, J. A., & Stanton, W. R. (2014). Can motor control training lower the risk of injury for professional 
football players? Medicine & Science in Sports & Exercise, 46(4), 762-768. 
doi:10.1249/MSS.0000000000000169 
Higgins, J. P. T., & Green, S. (Eds.). (2011). Cochrane Handbook for Systematic Reviews of Interventions: The 
Cochrane Collaboration, 2011. 
Higgins, J. P. T., & Green, S. (Eds.). (2011). Cochrane Handbook for Systematic Reviews of Interventions 
version 5.1.0 [updated March 2011]: The Cochrane Collaboration. 
Hill, L., Collins, M., & Posthumus, M. (2015). Risk factors for shoulder pain and injury in swimmers: A critical 
systematic review. Physician and Sportsmedicine, 43(4), 412-420. 
doi:10.1080/00913847.2015.1077097 
Holleman, G. A., Hooge, I. T. C., Kemner, C., & Hessels, R. S. (2020). The ‘real-world approach' and its 
problems: A critique of the term ecological validity. Frontiers in Psychology, 11, 721-721. 
doi:10.3389/fpsyg.2020.00721 
Hooper, R. (2019). Justifying sample size for a feasibility study. Retrieved October 20, 2020 from 
https://www.rds-london.nihr.ac.uk/wpcms/wp-content/uploads/2019/02/Justifying-sample-size-for-
feasibility-study-updated-22-Feb-2019.pdf 
Hopkins, B. S., Cloney, M. B., Kesavabhotla, K., Yamaguchi, J., Smith, Z. A., Koski, T. R., . . . Dahdaleh, N. S. 
(2017). Impact of CrossFit-related spinal injuries. Clinical Journal of Sport Medicine, 29(6), 482-485. 
doi:10.1097/jsm.0000000000000553 
 302 
Hopkins, B. S., Li, D., Svet, M., Kesavabhotla, K., & Dahdaleh, N. S. (2019). CrossFit and rhabdomyolysis: A 
case series of 11 patients presenting at a single academic institution. Journal of Science and Medicine 
in Sport, 22(7), 758-762. doi:10.1016/j.jsams.2019.01.019 
Hopkins, W. G. (2002). A scale of magnitudes for effect statistics. A new view of statistics. Retrieved October 
20, 2020 from http://sportsci.org/resource/stats/effectmag.html 
Hopkins, W. G. (2007). A spreadsheet for deriving a confidence interval, mechanistic inference and clinical 
inference from a p value. Sportscience, 11, 16-20.  
Hopkins, W. G. (2010). Linear models and effect magnitudes for re-search, clinical and practical applications. 
Sportscience, 14, 49-57.  
Hopkins, W. G., Marshall, S. W., Batterham, A. M., & Hanin, J. (2009). Progressive statistics for studies in 
sports medicine and exercise science. Medicine & Science in Sports & Exercise, 41(1), 3-13. 
doi:10.1249/MSS.0b013e31818cb278 
Hotta, T., Nishiguchi, S., Fukutani, N., Tashiro, Y., Adachi, D., Morino, S., . . . Aoyama, T. (2015). Functional 
Movement Screen for predicting running injuries in 18-24 year-old competitive male runners. Journal 
of Strength & Conditioning Research, 29(10), 2808-2815. . doi:10.1519/jsc.0000000000000962 
Hubscher, M., Zech, A., Pfeifer, K., Hansel, F., Vogt, L., & Banzer, W. (2010). Neuromuscular training for 
sports injury prevention: a systematic review. Medicine & Science in Sports & Exercise, 42(3), 413-
421. doi:10.1249/MSS.0b013e3181b88d37 
Hulin, B. T. (2017). The never-ending search for the perfect acute:chronic workload ratio: what role injury 
definition? British Journal of Sports Medicine. doi:10.1136/bjsports-2016-097279 
Hulin, B. T., Gabbett, T. J., Blanch, P., Chapman, P., Bailey, D., & Orchard, J. W. (2014). Spikes in acute 
workload are associated with increased injury risk in elite cricket fast bowlers. British Journal of 
Sports Medicine, 48(8), 708-712. doi:10.1136/bjsports-2013-092524 
Hulin, B. T., Gabbett, T. J., Lawson, D. W., Caputi, P., & Sampson, J. A. (2016). The acute:chronic workload 
ratio predicts injury: high chronic workload may decrease injury risk in elite rugby league players. 
British Journal of Sports Medicine, 50(4), 231-236. doi:10.1136/bjsports-2015-094817 
Hulme, A., & Finch, C. F. (2015). From monocausality to systems thinking: a complementary and alternative 
conceptual approach for better understanding the development and prevention of sports injury. Injury 
Epidemiology, 2(1), 31. doi:10.1186/s40621-015-0064-1 
Huynh, A., Leong, K., Jones, N., Crump, N., Russell, D., Anderson, M., . . . Johnson, D. F. (2016). Outcomes of 
exertional rhabdomyolysis following high-intensity resistance training. Internal Medicine Journal, 
46(5), 602-608. doi:10.1111/imj.13055 
Impellizzeri, F. M., Rampinini, E., Coutts, A. J., Sassi, A., & Marcora, S. M. (2004). Use of RPE-based training 
load in soccer. Medicine & Science in Sports & Exercise, 36(6), 1042-1047. 
doi:10.1249/01.mss.0000128199.23901.2f 
International Committee of Medical Journal Editors. (2019). Recommendations for the conduct, reporting, 
editing, and publication of scholarly work in medical journals. Retrieved October 20, 2020 from 
http://www.icmje.org/icmje-recommendations.pdf 
Jackson, J., Hart, S., Fries, C. A., Robinson, J., Murray, J., & Wood, A. M. (2017). CrossFitter's knee: 
patellofemoral chondral injury following high-intensity functional training. Journal of the Royal Naval 
Medical Service, 103(1), 35-38.  
Jacobsson, J., Timpka, T., Ekberg, J., Kowalski, J., Nilsson, S., & Renstrom, P. (2010). Design of a protocol for 
large-scale epidemiological studies in individual sports: the Swedish Athletics injury study. British 
Journal of Sports Medicine, 44(15), 1106-1111. doi:10.1136/bjsm.2009.067678 
Jagim, A. R., Rader, O., Jones, M. T., & Oliver, J. M. (2017). Physical demands of multimodal training 
competitions and their relationship to measures of performance. Journal of Strength & Conditioning 
Research, 31(5), 1212-1220. doi:10.1519/jsc.0000000000000992 
 303 
Jarde, A. (2013). A tool to assess the methodological quality of cohort studies. (Unpublished doctoral thesis). 
Universitat Autònoma de Barcelona, Barcelona, Spain,  
Jarde, A., Losilla, J., & Vives, J. (2015). Manual of the quality assessment tool for cohort studies Q -Coh.   
Jarde, A., Losilla, J., Vives, J., & F. Rodrigo, M. (2013). Q-Coh: A tool to screen the methodological quality of 
cohort studies in systematic reviews and meta-analyses. International Journal of Clinical and Health 
Psychology, 13(2), 138-146. doi:10.1016/S1697-2600(13)70017-6 
Johnston, R., Cahalan, R., O'Keeffe, M., O'Sullivan, K., & Comyns, T. (2018). The associations between 
training load and baseline characteristics on musculoskeletal injury and pain in endurance sport 
populations: A systematic review. Journal of Science & Medicine in Sport, 21(9), 910-918. 
doi:10.1016/j.jsams.2018.03.001 
Jones, C. M., Griffiths, P. C., & Mellalieu, S. D. (2016). Training load and fatigue marker associations 
withinjury and illness: A systematic review of longitudinal studies. Sports Medicine, 1-32. 
doi:10.1007/s40279-016-0619-5 
Joondeph, S. A., & Joondeph, B. C. (2013). Retinal detachment due to CrossFit training injury. Case Reports in 
Ophthalmological Medicine, 189837. doi:10.1155/2013/189837 
Junge, A., Dvorak, J., Graf-Baumann, T., & Peterson, L. (2004). Football injuries during FIFA tournaments and 
the Olympic Games, 1998-2001: development and implementation of an injury-reporting system. 
American Journal of Sports Medicine, 32(1 Suppl), 80s-89s. doi:10.1177/0363546503261245 
Junge, A., Engebretsen, L., Alonso, J. M., Renstrom, P., Mountjoy, M., Aubry, M., & Dvorak, J. (2008). Injury 
surveillance in multi-sport events: the International Olympic Committee approach. British Journal of 
Sports Medicine, 42(6), 413-421. doi:10.1136/bjsm.2008.046631 
Junge, A., Langevoort, G., Pipe, A., Peytavin, A., Wong, F., Mountjoy, M., . . . Dvorak, J. (2006). Injuries in 
team sport tournaments during the 2004 Olympic Games. American Jouranal of Sports Medicine, 
34(4), 565-576. doi:10.1177/0363546505281807 
Jüni, P., Witschi, A., Bloch, R., & Egger, M. (1999). The hazards of scoring the quality of clinical trials for 
meta-analysis. Journal of the American Medical Association, 282(11), 1054-1060. 
doi:10.1001/jama.282.11.1054 
Kang, H. (2013). The prevention and handling of the missing data. Korean Journal of Anesthesiology, 64(5), 
402-406. doi:10.4097/kjae.2013.64.5.402 
Katrak, P., Bialocerkowski, A. E., Massy-Westropp, N., Kumar, S., & Grimmer, K. A. (2004). A systematic 
review of the content of critical appraisal tools. BMC Medical Research Methodology, 4, 22. 
doi:10.1186/1471-2288-4-22 
Kazman, J. B., Galecki, J. M., Lisman, P., Deuster, P. A., & O'Connor F, G. (2014). Factor structure of the 
functional movement screen in marine officer candidates. Journal of Strength & Conditioning 
Research, 28(3), 672-678. doi:10.1519/JSC.0b013e3182a6dd83 
Kelleher, L. K. (2016). The Functional Movement Screen is not a valid measure of movement competency. 
(Unpublished doctoral thesis). University of Western Ontario, Ontario, Canada,  
Keogh, J. W., & Winwood, P. W. (2017). The epidemiology of injuries across the weight-training sports. Sports 
Medicine, 47, 479-501. doi:10.1007/s40279-016-0575-0 
Kiesel, K., Plisky, P., & Butler, R. (2011). Functional movement test scores improve following a standardized 
off-season intervention program in professional football players. Scandanavian Journal of Medicine 
and Science in Sports, 21(2), 287-292. doi:10.1111/j.1600-0838.2009.01038.x 
Kiesel, K., Plisky, P. J., & Voight, M. L. (2007). Can serious injury in professional football be predicted by a 
preseason functional movement screen? North American Journal of Sports Physical Therapy, 2(3), 
147-158.  
 304 
Kiesel, K. B., Butler, R. J., & Plisky, P. J. (2014). Prediction of injury by limited and asymmetrical fundamental 
movement patterns in American football players. Journal of Sport Rehabilitation, 23(2), 88-94. 
doi:10.1123/jsr.2012-0130 
Kilgore, L. ( 2015). Periodization: Period or Question Mark? Retrieved October 20, 2020 from 
http://library.crossfit.com/free/pdf/CFJ_2015_02_Periodization1_Kilgore2.pdf 
Kilgore, L. (2017). Periodization: Period or Question Mark? Part 2. Retrieved October 20, 2020 from 
https://journal.crossfit.com/article/periodization-period-or-question-mark-part-2-2 
Klimek, C., Ashbeck, C., Brook, A. J., & Durall, C. (2018). Are injuries more common with CrossFit training 
than other forms of exercise? Journal of Sport Rehabilitation, 27(3), 295-299. doi:10.1123/jsr.2016-
0040 
Kluitenberg, B., van Middelkoop, M., Verhagen, E., Hartgens, F., Huisstede, B., Diercks, R., & van der Worp, 
H. (2016). The impact of injury definition on injury surveillance in novice runners. Journal of Science 
& Medicine in Sport, 19, 470-475. doi:10.1016/j.jsams.2015.07.003 
Knapik, J. J. (2015). Extreme conditioning programs: Potential benefits and potential risks. Journal of Special 
Operations Medicine, 15(3), 108-113.  
Knapik, J. J., Cosio-Lima, L. M., Reynolds, K. L., & Shumway, R. S. (2015). Efficacy of functional movement 
screening for predicting injuries in coast guard cadets. Journal of Strength & Conditioning Research, 
29(5), 1157-1162. doi:10.1519/JSC.0000000000000704 
Knowles, S. B., Marshall, S. W., & Guskiewicz, K. M. (2006). Issues in estimating risks and rates in sports 
injury research. Journal of Athletic Training, 41(2), 207-215.  
Kocak, U. Z., & Unver, B. (2020). Are Functional Movement Screen tests performed at the right time, if it is an 
injury risk predictor? Journal of Sport Rehabilitation, 1-5. doi:10.1123/jsr.2019-0435 
Kodesh, E., Shargal, E., Kislev-Cohen, R., Funk, S., Dorfman, L., Samuelly, G., . . . Sharvit, N. (2015). 
Examination of the effectiveness of predictors for musculoskeletal injuries in female soldiers. Journal 
of Sports & Science in Medicine, 14(3), 515-521.  
Koehle, M. S., Sinnen, N., Safferm, B. Y., & Saffer, B. Y. (2016). Factor structure and internal validity of the 
Functional Movement Screen in adults. Journal of Strength & Conditioning Research, 30(2), 540-546. 
doi:10.1519/JSC.0000000000001092. 
Kottner, J., Audigé, L., Brorson, S., Donner, A., Gajewski, B. J., Hróbjartsson, A., . . . Streiner, D. L. (2011). 
Guidelines for reporting reliability and agreement Studies (GRRAS) were proposed. Journal of 
Clinical Epidemiology, 64(1), 96-106. doi:10.1016/j.jclinepi.2010.03.002 
Kritz, M., Cronin, J., & Hume, P. (2009). The bodyweight squat: A movement screen for the squat pattern. 
Strength & Conditioning Journal, 31, 76-85.  
Kucera, K. L., Marshall, S. W., Kirkendall, D. T., Marchak, P. M., & Garrett, W. E., Jr. (2005). Injury history as 
a risk factor for incident injury in youth soccer. British Journal of Sports Medicine, 39(7), 462. 
doi:10.1136/bjsm.2004.013672 
Lally, P., & Gardner, B. (2013). Promoting habit formation. Health Psychology Review, 7(sup1), S137-S158. 
doi:10.1080/17437199.2011.603640 
Lancaster, G. A. (2015). Pilot and feasibility studies come of age! Pilot and Feasibility Studies, 1(1), 1-4. 
doi:10.1186/2055-5784-1-1 
Landis, J. R., & Koch, G. G. (1977). The measurement of observer agreement for categorical data. Biometrics, 
33(1), 159-174.  
Lang, A., Edwards, N., & Fleiszer, A. (2007). Empty systematic reviews: hidden perils and lessons learned. 
Journal of Clinical Epidemiology, 60(6), 595-597. doi:10.1016/j.jclinepi.2007.01.005 
 305 
Lau, B. C., Scribani, M., Lassiter, T., & Wittstein, J. (2019). Correlation of single Assessment Numerical 
Evaluation Score for sport and activities of daily living to modified Harris Hip Score and hip outcome 
score in patients undergoing arthroscopic hip surgery. American Journal of Sports Medicine, 47(11), 
2646-2650. doi:10.1177/0363546519863411 
Lauersen, J. B., Bertelsen, D. M., & Andersen, L. B. (2014). The effectiveness of exercise interventions to 
prevent sports injuries: A systematic review and meta-analysis of randomised controlled trials. British 
Journal of Sports Medicine, 48(11), 871-877. doi:10.1136/bjsports-2013-092538 
Ledon, J. A., & Tosti, A. (2017). CrossFit-associated allergic contact dermatitis. Dermatitis: Contact, Atopic, 
Occupational, Drug, 28(6), 368-368. doi:10.1097/DER.0000000000000321 
Leeder, J. E., Horsley, I. G., & Herrington, L. C. (2016). The Inter-rater reliability of the functional movement 
screen within an athletic population using untrained raters. Journal of Strength & Conditioning 
Research, 30(9), 2591-2599. doi:10.1519/JSC.0b013e3182a1ff1d 
Leppänen, M., Aaltonen, S., Parkkari, J., Heinonen, A., & Kujala, U. M. (2014). Interventions to prevent sports 
related injuries: a systematic review and meta-analysis of randomised controlled trials. Sports 
Medicine, 44(4), 473-486. doi:10.1007/s40279-013-0136-8 
Leppänen, M., Pasanen, K., Clarsen, B., Kannus, P., Bahr, R., Parkkari, J., . . . Vasankari, T. (2019). Overuse 
injuries are prevalent in children's competitive football: a prospective study using the OSTRC Overuse 
Injury Questionnaire. British Journal of Sports Medicine, 53(3), 165-171. doi:10.1136/bjsports-2018-
099218 
Letafatkar, A., Hadadnezhad, M., Shojaedin, S., & Mohamadi, E. (2014). Relationship between functional 
movement screening score and history of injury. International Journal of Sports Physical Therapy, 
9(1), 21-27.  
Levac, D., Colquhoun, H., & O'Brien, K. K. (2010). Scoping studies: advancing the methodology. 
Implementation Science, 5, 69. doi:10.1186/1748-5908-5-69 
Li, D., Hopkins, B., Svet, M. T., Dahdaleh, N., & Kesavabhotla, K. (2018). [Congress Abstract] CrossFit and 
Rhabdomyolysis: A case series of 11 patients presenting at a single academic institution. Journal of the 
American College of Surgeons, 227, S189-S189. doi:10.1016/j.jamcollsurg.2018.07.407 
Li, Y., Wang, X., Chen, X., & Dai, B. (2015). Exploratory factor analysis of the functional movement screen in 
elite athletes. Journal of Sports Science, 33(11), 1166-1172. doi:10.1080/02640414.2014.986505 
Liberati, A., Altman, D. G., Tetzlaff, J., Mulrow, C., Gotzsche, P. C., Ioannidis, J. P., . . . Moher, D. (2009). The 
PRISMA statement for reporting systematic reviews and meta-analyses of studies that evaluate health 
care interventions: explanation and elaboration. Journal of Clinical Epidemiology, 62(10), e1-34. 
doi:10.1016/j.jclinepi.2009.06.006 
Lichtenstein, M. B., & Jensen, T. T. (2016). Exercise addiction in CrossFit: Prevalence and psychometric 
properties of the Exercise Addiction Inventory. Addictive Behaviors Reports, 3, 33-37. 
doi:10.1016/j.abrep.2016.02.002 
Lisman, P., O'Connor, F. G., Deuster, P. A., & Knapik, J. J. (2013). Functional movement screen and aerobic 
fitness predict injuries in military training. Medicine And Science In Sports And Exercise, 45(4), 636-
643. doi:10.1249/MSS.0b013e31827a1c4c 
Ljungqvist, A., Jenoure, P., Engebretsen, L., Alonso, J. M., Bahr, R., Clough, A., . . . Thill, C. (2009). The 
International Olympic Committee (IOC) Consensus Statement on periodic health evaluation of elite 
athletes March 2009. British Journal of Sports Medicine, 43(9), 631-643. 
doi:10.1136/bjsm.2009.064394 
Lolli, L., Batterham, A. M., Hawkins, R., Kelly, D. M., Strudwick, A. J., Thorpe, R., . . . Atkinson, G. (2019). 
Mathematical coupling causes spurious correlation within the conventional acute-to-chronic workload 
ratio calculations. British Journal of Sports Medicine, 53(15), 921-922. doi:10.1136/bjsports-2017-
098110 
 306 
Lolli, L., Batterham, A. M., Hawkins, R., Kelly, D. M., Strudwick, A. J., Thorpe, R. T., . . . Atkinson, G. (2018). 
The acute-to-chronic workload ratio: an inaccurate scaling index for an unnecessary normalisation 
process? British Journal of Sports Medicine, 53(24), 1510-1512.  
Loney, P. L., Chambers, L. W., Bennett, K. J., Roberts, J. G., & Stratford, P. W. (1998). Critical appraisal of the 
health research literature: prevalence or incidence of a health problem. Chronic Disease Canada, 19(4), 
170-176.  
Long, Z. (2018). The truth about CrossFit injuries. Retrieved October 20, 2020 from 
https://thebarbellphysio.com/truth-crossfit-injuries/ 
Losilla, J. M., Oliveras, I., Marin-Garcia, J. A., & Vives, J. (2018). Three risk of bias tools lead to opposite 
conclusions in observational research synthesis. Journal of Clinical Epidemiology, 101, 61-72. 
doi:10.1016/j.jclinepi.2018.05.021 
Lovalekar, M., Abt, J. P., Sell, T. C., Lephart, S. M., Pletcher, E., & Beals, K. (2017). Accuracy of recall of 
musculoskeletal injuries in elite military personnel: a cross-sectional study. BMJ Open, 7(12), e017434. 
doi:10.1136/bmjopen-2017-017434 
Lu, A., Shen, P., Lee, P., Dahlin, B., Waldau, B., Nidecker, A. E., . . . Bobinski, M. (2015). CrossFit-related 
cervical internal carotid artery dissection. Emergency Radiology, 22(4), 449-452. doi:10.1007/s10140-
015-1318-5 
Lucas, N., Macaskill, P., Irwig, L., Moran, R., Rickards, L., Turner, R., & Bogduk, N. (2013). The reliability of 
a quality appraisal tool for studies of diagnostic reliability (QAREL). BMC Medical Research 
Methodology, 13, 111. doi:10.1186/1471-2288-13-111 
Lucas, N. P., Macaskill, P., Irwig, L., & Bogduk, N. (2010). The development of a quality appraisal tool for 
studies of diagnostic reliability (QAREL). Journal of Clinical Epidemiology, 63(8), 854-861. 
doi:10.1016/j.jclinepi.2009.10.002 
Macnamara, A., & Collins, D. (2013). Do mental skills make champions? Examining the discriminant function 
of the psychological characteristics of developing excellence questionnaire. Journal of Sports Science, 
31(7), 736-744. doi:10.1080/02640414.2012.747692 
Madhur, R. (2015). Two cases of CrossFit®-induced rhabdomyolysis: A rising concern. International Journal 
of Medical Students, 2(3), 132-134. doi:10.5195/ijms.2014.102 
Maeda, N., Urabe, Y., Fujii, E., Shinohara, H., Sasadai, J., Moriyama, N., . . . Yamamoto, T. (2013, 26 - 28th 
September, 2013). The reliability of functional movement screen (FMS) in the healthy young men. 
Paper presented at the 13th Asian Federation of Sports Medicine Congress, Kuala Lumpur, Malaysia. 
Maffetone, P. B., & Laursen, P. B. (2015). Athletes: Fit but unhealthy? Sports Medicine Open, 2, 24. 
doi:10.1186/s40798-016-0048-x 
Major, K. (2014). Inter- and intra-rater reliability of Functional Movement Screen™ scores obtained by 
‘novice’ raters. (Master of Osteopathy). Unitec Institute of Technology, Auckland, New Zealand.  
Maniar, N., Shield, A. J., Williams, M. D., Timmins, R. G., & Opar, D. A. (2016). Hamstring strength and 
flexibility after hamstring strain injury: A systematic review and meta-analysis. British Journal of 
Sports Medicine, 50(15), 909-920. doi:10.1136/bjsports-2015-095311 
Markula, P. (2018). What is the CrossFit secret? Research shows that community is what matters in CrossFit. 
Psychology Today. Retrieved October 20, 2020 from https://www.psychologytoday.com/nz/blog/fit-
femininity/201812/what-is-the-crossfit-secret 
McBain, K., Shrier, I., Shultz, R., Meeuwisse, W. H., Klugl, M., Garza, D., & Matheson, G. O. (2012). 
Prevention of sports injury I: a systematic review of applied biomechanics and physiology outcomes 
research. British Journal of Sports Medicine, 46(3), 169-173. doi:10.1136/bjsm.2010.080929 
McCall, A., Carling, C., Davison, M., Nedelec, M., Le Gall, F., Berthoin, S., & Dupont, G. (2015). Injury risk 
factors, screening tests and preventative strategies: A systematic review of the evidence that underpins 
 307 
the perceptions and practices of 44 football (soccer) teams from various premier leagues. British 
Journal of Sports Medicine, 49(9), 583-589. doi:10.1136/bjsports-2014-094104 
McCall, A., Carling, C., Nedelec, M., Davison, M., Le Gall, F., Berthoin, S., & Dupont, G. (2014). Risk factors, 
testing and preventative strategies for non-contact injuries in professional football: current perceptions 
and practices of 44 teams from various premier leagues. British Journal of Sports Medicine, 48(18), 
1352-1357. doi:10.1136/bjsports-2014-093439 
McCreesh, K. M., Crotty, J. M., & Lewis, J. S. (2015). Acromiohumeral distance measurement in rotator cuff 
tendinopathy: is there a reliable, clinically applicable method? A systematic review. British Journal of 
Sports Medicine, 49(5), 298-305. doi:10.1136/bjsports-2012-092063 
McCunn, R., Aus der Funten, K., Govus, A., Julian, R., Schimpchen, J., & Meyer, T. (2017). The intra- and 
inter-rater reliability of the soccer injury movement screent (SIMS). International Journal of Sports 
Physical Therapy, 12(1), 53-66.  
McCunn, R., & Meyer, T. (2016). Screening for risk factors: if you liked it then you should have put a number 
on it. British Journal of Sports Medicine, 50(21), 1354. doi:10.1136/bjsports-2016-096413 
McGee, S. (2002). Simplifying likelihood ratios. Journal of General Internal Medicine, 17(8), 647-650. 
doi:10.1046/j.1525-1497.2002.10750.x 
McGill, S., Frost, D., Andersen, J., Crosby, I., & Gardiner, D. (2013). Movement quality and links to measures 
of fitness in firefighters. Work, 45(3), 357-366. doi:10.3233/WOR-121538 
McGill, S., Frost, D., Lam, T., Finlay, T., Darby, K., & Andersen, J. (2013). Fitness and movement quality of 
emergency task force police officers: An age-grouped database with comparison to populations of 
emergency services personnel, athletes and the general public. International Journal of Industrial 
Ergonomics, 43(2), 146-153. doi:10.1016/j.ergon.2012.11.013 
McGill, S., Frost, D., Lam, T., Finlay, T., Darby, K., & Cannon, J. (2015). Can fitness and movement quality 
prevent back injury in elite task force police officers? A 5-year longitudinal study. Ergonomics, 58(10), 
1682-1689. doi:10.1080/00140139.2015.1035760 
McGill, S. M., Andersen, J. T., & Horne, A. D. (2012). Predicting performance and injury resilience from 
movement quality and fitness scores in a basketball team over 2 years. Journal of Strength & 
Conditioning Research, 26(7), 1731-1739.  
McGuigan, M. R., & Foster, C. (2004). A new approach to monitoring resistance training. Strength & 
Conditioning Journal 26(6), 42-47.  
McLaren, S. J., Macpherson, T. W., Coutts, A. J., Hurst, C., Spears, I. R., & Weston, M. (2018). The 
relationships between internal and external measures of training load and intensity in team sports: A 
meta-analysis. Sports Medicine, 48(3), 641-658. doi:10.1007/s40279-017-0830-z 
Mealing, N. M., Banks, E., Jorm, L. R., Steel, D. G., Clements, M. S., & Rogers, K. D. (2010). Investigation of 
relative risk estimates from studies of the same population with contrasting response rates and designs. 
BMC Medical Research Methodology, 10, 26. doi:10.1186/1471-2288-10-26 
Meeusen, R., Duclos, M., Foster, C., Fry, A., Gleeson, M., Nieman, D., . . . Urhausen, A. (2013). Prevention, 
diagnosis, and treatment of the overtraining syndrome: joint consensus statement of the European 
College of Sport Science and the American College of Sports Medicine. Medicine & Science in Sports 
& Exercise, 45(1), 186-205. doi:10.1249/MSS.0b013e318279a10a 
Meeuwisse, W. H. (1994). Assessing causation in sport injury: A multifactorial model. Clinical Journal of Sport 
Medicine, 4(3), 166-170.  
Meeuwisse, W. H., & Love, E. J. (1998). Development, implementation, and validation of the Canadian 
Intercollegiate Sport Injury Registry. Clinical Journal of Sport Medicine, 8(3), 164-177. 
doi:10.1097/00042752-199807000-00003 
 308 
Meeuwisse, W. H., Tyreman, H., Hagel, B., & Emery, C. (2007). A dynamic model of etiology in sport injury: 
the recursive nature of risk and causation. Clinical Journal of Sport Medicine, 17(3), 215-219. 
doi:10.1097/JSM.0b013e3180592a48 
Mehrab, M., de Vos, R. J., Kraan, G. A., & Mathijssen, N. M. C. (2017). Injury incidence and patterns among 
Dutch CrossFit athletes. Orthopaedic Journal of Sports Medicine, 5(12). 
doi:10.1177/2325967117745263 
Menaspà, P. (2017). Are rolling averages a good way to assess training load for injury prevention? British 
Journal of Sports Medicine, 51(7), 618-619. doi:10.1136/bjsports-2016-096131 
Mendes, A. F., Jr., Da Mota Neto, J., Heringer, E. M., De Simoni, L. F., Pires, D. D., & Labronici, P. J. (2018). 
Hyperbaric oxygen therapy as treatment for bilateral arm compartment syndrome after CrossFit: Case 
report and literature review. Undersea and Hyperbaric Medicine, 45(2), 209-215. 
doi:10.22462/03.04.2018.8 
Meyer, J., Morrison, J., & Zuniga, J. (2017). The benefits and risks of CrossFit: A systematic review. Workplace 
Health Safety, 2165079916685568. doi:10.1177/2165079916685568 
Meyer, M., Sundaram, S., & Schafhalter-Zoppoth, I. (2018). Exertional and CrossFit-induced rhabdomyolysis. 
Clinical Journal of Sport Medicine, 28(6), e92-e94. doi:10.1097/JSM.0000000000000480 
Miake-Lye, I. M., Hempel, S., Shanman, R., & Shekelle, P. G. (2016). What is an evidence map? A systematic 
review of published evidence maps and their definitions, methods, and products. Systematic Reviews, 
5(1), 28. doi:10.1186/s13643-016-0204-x 
Michałowska-Sawczyn, M., Niewczas, M., Król, P., Czarny, W., Rzeszutko, A., Chmielowiec, K., . . . 
Cięszczyk, P. (2019). Associations between the dopamine D4 receptor gene polymorphisms and 
personality traits in elite athletes. Biology of Sport, 36(4), 365-372. doi:10.5114/biolsport.2019.85457 
Miller, A. H., Evans, K., Adams, R., Waddington, G., & Witchalls, J. (2018). Shoulder injury in water polo: A 
systematic review of incidence and intrinsic risk factors. Journal of Science and Medicine in Sport, 
21(4), 368-377. doi:10.1016/j.jsams.2017.08.015 
Minganti, C., Capranica, L., Meeusen, R., Amici, S., & Piacentini, M. F. (2010). The validity of session rating 
of perceived exertion method for quantifying training load in teamgym. Journal of Strength & 
Conditioning Research, 24(11), 3063-3068. doi:10.1519/JSC.0b013e3181cc26b9 
Minganti, C., Ferragina, A., Demarie, S., Verticchio, N., Meeusen, R., & Piacentini, M. F. (2011). The use of 
session RPE for interval training in master endurance athletes: should rest be included? Journal of 
Sports Medicine & Physical Fitness, 51(4), 547-554.  
Minghelli, B., & Vicente, P. (2019). Musculoskeletal injuries in Portuguese CrossFit practitioners. Journal of 
Sports Medicine and Physical Fitness, 59(7), 1213-1220. doi:10.23736/S0022-4707.19.09367-8 
Minick, K. I., Kiesel, K. B., Burton, L., Taylor, A., Plisky, P., & Butler, R. J. (2010). Interrater reliability of the 
functional movement screen. Journal of Strength & Conditioning Research, 24(2), 479-486. 
doi:10.1519/JSC.0b013e3181c09c04 
Mischiati, C. R., Comerford, M., Gosford, E., Swart, J., Ewings, S., Botha, N., . . . Mottram, S. L. (2015). Intra 
and inter-rater reliability of screening for movement impairments: Movement control tests from The 
Foundation Matrix. Journal of Sports Science & Medicine, 14(2), 427-440.  
Moehlecke, D., & Forgiarini, L. A., Jr. (2017). Effectiveness of chiropractic adjustment in lumbar pain in 
crossfit practitioners. Coluna/ Columna, 16(3), 193-197. doi:10.1590/S1808-185120171603170320 
Moher, D., Liberati, A., Tetzlaff, J., & Altman, D. G. (2009). Preferred reporting items for systematic reviews 
and meta-analyses: the PRISMA statement. Journal of Clinical Epidemiology, 62(10), 1006-1012. 
doi:10.7326/0003-4819-151-4-200908180-00135 
Mokha, M., Sprague, P. A., & Gatens, D. R. (2016). Predicting musculoskeletal injury in National Collegiate 
Athletic Association Division II athletes from asymmetries and individual-test versus composite 
 309 
Functional Movement Screen scores. Journal of Athletic Training, 51(4), 276-282. doi:10.4085/1062-
6050-51.2.07 
Mokkink, L. B., de Vet, H. C. W., Prinsen, C. A. C., Patrick, D. L., Alonso, J., Bouter, L. M., & Terwee, C. B. 
(2018). COSMIN Risk of Bias checklist for systematic reviews of Patient-Reported Outcome 
Measures. Quality of Life Research, 27(5), 1171-1179. doi:10.1007/s11136-017-1765-4 
Mokkink, L. B., Terwee, C. B., Patrick, D. L., Alonso, J., Stratford, P. W., Knol, D. L., . . . de Vet, H. C. (2010). 
The COSMIN study reached international consensus on taxonomy, terminology, and definitions of 
measurement properties for health-related patient-reported outcomes. Journal of Clinical 
Epidemiology, 63(7), 737-745. doi:10.1016/j.jclinepi.2010.02.006 
Moloney, N. A., Hall, T. M., & Doody, C. M. (2012). Reliability of thermal quantitative sensory testing: a 
systematic review. Journal of Rehabilitation Research & Development, 49(2), 191-207.  
Montalvo, A. M., Shaefer, H., Rodriguez, B., Li, T., Epnere, K., & Myer, G. D. (2017). Retrospective injury 
epidemiology and risk factors for injury in CrossFit. Journal of Sports Science and Medicine, 16(1), 
53-59.  
Moola, S., Munn , Z., Tufanaru, C., Aromataris, E., Sears, K., Sfetcu, R., . . . Mu, P.-F. (2017). Chapter 7: 
Systematic reviews of etiology and risk. In E. Aromataris & Z. Munn (Eds.), Joanna Briggs Institute 
Reviewer's Manual: The Joanna Briggs Institute. 
Moore, I. S., Mount, S., Mathema, P., & Ranson, C. (2018). Application of the subsequent injury categorisation 
model for longitudinal injury surveillance in elite rugby and cricket: intersport comparisons and inter-
rater reliability of coding. British Journal of Sports Medicine, 52, 1137-1142. doi:10.1136/bjsports-
2016-097040 
Moore, N., Kertesz, A., & Bird, S. (2012). A modified movement screen for pre-elite youth athletes. Journal of 
Australian Strength & Conditioning, 20, 44-53.  
Moran, R. W., Schneiders, A. G., Major, K. M., & Sullivan, S. J. (2016). How reliable are Functional 
Movement Screening scores? A systematic review of rater reliability. British Journal of Sports 
Medicine, 50(9), 527-536. doi:10.1136/bjsports-2015-094913 
Moran, R. W., Schneiders, A. G., Mason, J., & Sullivan, S. J. (2017). Do Functional Movement Screen (FMS) 
composite scores predict subsequent injury? A systematic review with meta-analysis. British Journal of 
Sports Medicine, 51(23), 1661-1669. doi:10.1136/bjsports-2016-096938 
Moran, S., Booker, H., Staines, J., & Williams, S. (2017). Rates and risk factors of injury in CrossFit: A 
prospective cohort study. Journal of Sports Medicine and Physical Fitness, 57(9), 1147-1153. 
doi:10.23736/S0022-4707.16.06827-4 
Morin, K. H. (2013). Value of a pilot study. Journal of Nursing Education, 52(10), 547-548. 
doi:10.3928/01484834-20130920-10 
Morrison, A., Polisena, J., Husereau, D., Moulton, K., Clark, M., Fiander, M., . . . Rabb, D. (2012). The effect 
of English-language restriction on systematic review-based meta-analyses: a systematic review of 
empirical studies. International Journal of Technology Assessment in Health Care, 28(2), 138-144. 
doi:10.1017/s0266462312000086 
Morton, S. M. B., Bandara, D. K., Robinson, E. M., & Carr, P. E. A. (2012). In the 21st Century, what is an 
acceptable response rate? Australian and New Zealand Journal of Public Health, 36(2), 106-108. 
doi:10.1111/j.1753-6405.2012.00854.x 
Moskalewicz, A., & Oremus, M. (2020). No clear choice between NOS and AXIS to assess methodological 
quality in cross-sectional studies of health-related quality-of-life and breast cancer. Journal of Clinical 
Epidemiology, 120, 94-103. . doi:10.1016/j.jclinepi.2019.12.013 
Mountjoy, M., Junge, A., Alonso, J. M., Clarsen, B., Pluim, B. M., Shrier, I., . . . Khan, K. M. (2016). 
Consensus statement on the methodology of injury and illness surveillance in FINA (aquatic sports). 
British Journal of Sports Medicine, 50(10), 590-596. doi:10.1136/bjsports-2015-095686 
 310 
Muench, F., & Baumel, A. (2017). More than a text message: Dismantling digital triggers to curate behavior 
change in patient-centered health interventions. Journal of Medical Internet research, 19(5), e147-
e147. doi:10.2196/jmir.7463 
Mukherjee, S. (2015). Retrospective designs in sports injury surveillance studies: All is not lost. Sports and 
Exercise Medicine - Open Journal, 1(5), 164-166. doi:10.17140/SEMOJ-1-125 
Munn, Z., Moola, S., Lisy, K., Riitano, D., & Tufanaru, C. (2015). Methodological guidance for systematic 
reviews of observational epidemiological studies reporting prevalence and cumulative incidence data. 
International Journal of Evidence Based Healthcare, 13(3), 147-153. 
doi:10.1097/xeb.0000000000000054 
Munn, Z., Peters, M. D. J., Stern, C., Tufanaru, C., McArthur, A., & Aromataris, E. (2018). Systematic review 
or scoping review? Guidance for authors when choosing between a systematic or scoping review 
approach. BMC Medical Research Methodology, 18(1), 143. doi:10.1186/s12874-018-0611-x 
Murray, N. B., Gabbett, T. J., Townshend, A. D., & Blanch, P. (2017). Calculating acute:chronic workload 
ratios using exponentially weighted moving averages provides a more sensitive indicator of injury 
likelihood than rolling averages. British Journal of Sports Medicine, 51(9), 749-754. 
doi:10.1136/bjsports-2016-097152 
Naing, L., Winn, T., & Rush, B. N. (2006). Practical issues in calculating the sample size for prevalence studies. 
Archives of Orofacial Sciences, 1, 9-14.  
Nakis, N. (2020). Fitness as a martial art – History of the Athletic Skill Levels. Retrieved October 20, 2020 
from https://smartfitandclean.com/2020/03/24/fitness-as-a-martial-art-history-of-the-athletic-skill-
levels/ 
National Institute for Health Research. (2017, 18 June 2019). Guidance of applying for feasibility studies 
(version 1.0). Retrieved October 20, 2020 from https://www.nihr.ac.uk/documents/nihr-research-for-
patient-benefit-rfpb-programme-guidance-on-applying-for-feasibility-studies/20474 
Nielsen, R., Shrier, I., Casals, M., Nettel-Aguirre, A., Møller, M., Bolling, C., . . . Verhagen, E. (2020). 
Statement on methods in sport injury research from the first METHODS MATTER meeting, 
Copenhagen, 2019. Journal of Orthopedic and Sports Physical Therapy, 50(5), 226-233. 
doi:10.2519/jospt.2020.9876 
O'Connor, A., & Sargeant, J. (2015). Research synthesis in veterinary science: Narrative reviews, systematic 
reviews and meta-analysis. The Veterinary Journal, 206(3), 261-267. doi:10.1016/j.tvjl.2015.08.025 
O'Connor, C. M., & Ring, D. (2019). Correlation of Single Assessment Numeric Evaluation (SANE) with other 
patient reported outcome measures (PROMs). Archives of Bone & Joint Surgery, 7(4), 303-306.  
O'Connor, F. G., Deuster, P. A., Barrett, J., Kane, S. F., & Depenbrock, P. (2017). Letter: Is high-intensity 
functional training (HIFT)/CrossFit safe for military fitness training? Military Medicine, 182(1), 1474-
1475. doi:10.7205/milmed-d-16-00330 
O'Connor, F. G., Deuster, P. A., Davis, J., Pappas, C. G., & Knapik, J. J. (2011). Functional movement 
screening: predicting injuries in officer candidates. Medicine & Science in Sports & Exercise, 43(12), 
2224-2230. doi:10.1249/MSS.0b013e318223522d 
O'Halloran, B., Wright, A., & Cook, C. E. (2013). Criterion validation of the rate of recovery, a single 
alphanumeric measure, in patients with shoulder pain. International Journal of Sports Physical 
Therapy, 8(6), 784-792.  
OCEBM Levels of Evidence Working Group, Howick, J., Chalmers, I., Glasziou, P., Greenhalgh, T., Heneghan, 
C., . . . Hodgkinson, M. (2009). The Oxford Levels of Evidence 2. Retrieved October 20, 2020 from 
https://www.cebm.net/2016/05/ocebm-levels-of-evidence/ 
Olds, M., Ellis, R., Donaldson, K., Parmar, P., & Kersten, P. (2015). Risk factors which predispose first-time 
traumatic anterior shoulder dislocations to recurrent instability in adults: a systematic review and meta-
analysis. British Journal of Sports Medicine, 49(14), 913-922. doi:10.1136/bjsports-2014-094342 
 311 
Onate, J. A., Dewey, T., Kollock, R. O., Thomas, K. S., Van Lunen, B. L., DeMaio, M., & Ringleb, S. I. (2012). 
Real-time intersession and interrater reliability of the functional movement screen. Journal of Strength 
& Conditioning Research, 26(2), 408-415. doi:10.1519/JSC.0b013e318220e6fa 
Oppenheimer, M. (2015, 28 November 2015). When some turn to church, others go to CrossFit. New York 
Times, p. A15. Retrieved October 20, 2020 from http://www.nytimes.com/2015/11/28/us/some-turn-to-
church-others-to-crossfit.html?_r=1 
Orchard, J., Newman, D., Stretch, R., Frost, W., Mansingh, A., & Leipus, A. (2005). Methods for injury 
surveillance in international cricket. Journal of Science & Medicine in Sport, 8(1), 1-14. 
doi:10.1016/s1440-2440(05)80019-2 
Orchard, J., Rae, K., Brooks, J., Hagglund, M., Til, L., Wales, D., & Wood, T. (2010). Revision, uptake and 
coding issues related to the open access Orchard Sports Injury Classification System (OSICS) versions 
8, 9 and 10.1. Open Access Journal of Sports Medicine, 1, 207-214. doi:10.2147/OAJSM.S7715 
Orchard, J. W., Ranson, C., Olivier, B., Dhillon, M., Gray, J., Langley, B., . . . Finch, C. F. (2016). International 
consensus statement on injury surveillance in cricket: a 2016 update. British Journal of Sports 
Medicine, 50, 1245-1251. doi:10.1136/bjsports-2016-096125 
Ozanian, M. (2015, 02/25/). How CrossFit became a $4 billion brand. Forbes.com. Retrieved October 20, 2020 
from https://www.forbes.com/sites/mikeozanian/2015/02/25/how-crossfit-became-a-4-billion-
brand/#20f83a5c1f96 
Parenteau, G. E., Gaudreault, N., Chambers, S., Boisvert, C., Grenier, A., Gagne, G., & Balg, F. (2014). 
Functional movement screen test: A reliable screening test for young elite ice hockey players. Physical 
Therapy in Sport, 15(3), 169-175. doi:10.1016/j.ptsp.2013.10.001 
Peduzzi, P., Concato, J., Kemper, E., Holford, T. R., & Feinstein, A. R. (1996). A simulation study of the 
number of events per variable in logistic regression analysis. Journal of Clinical Epidemiology, 49(12), 
1373-1379. doi:10.1016/S0895-4356(96)00236-3 
Peters, M. D., Godfrey, C. M., Khalil, H., McInerney, P., Parker, D., & Soares, C. B. (2015). Guidance for 
conducting systematic scoping reviews. International Journal of Evidence Based Healthcare, 13(3), 
141-146. doi:10.1097/xeb.0000000000000050 
Petrie, T. A., & Falkstein, D. L. (1998). Methodological, measurement, and statistical issues in research on sport 
injury prediction. Journal of Applied Sport Psychology, 10(1), 26-45. 
doi:10.1080/10413209808406376 
Pettersen, S. D., Aslaksen, P. M., & Pettersen, S. A. (2020). Pain processing in elite and high-level athletes 
compared to non-athletes. Frontiers of Psychology, 11, 1908. doi:10.3389/fpsyg.2020.01908 
Phillips, L. H. (2000). Sports injury incidence. British Journal of Sports Medicine, 34(2), 133. 
doi:10.1136/bjsm.34.2.133 
Pincus, T., Santos, R., Breen, A., Burton, A. K., & Underwood, M. (2008). A review and proposal for a core set 
of factors for prospective cohorts in low back pain: a consensus statement. Arthritis Care & Research, 
59(1), 14-24. doi:10.1002/art.23251 
Pluim, B. M., Fuller, C. W., Batt, M. E., Chase, L., Hainline, B., Miller, S., . . . Wood, T. O. (2009). Consensus 
statement on epidemiological studies of medical conditions in tennis, April 2009. British Journal of 
Sports Medicine, 43(12), 893-897. doi:10.1136/bjsm.2009.064915 
Porta, M. (2014). A dictionary of epidemiology. In M. Porta (Ed.), (5 ed.). Retrieved October 20, 2020 from 
https://www.oxfordreference.com/view/10.1093/acref/9780195314496.001.0001/acref-
9780195314496-e-1568 
Poston, W. S., Haddock, C. K., Heinrich, K. M., Jahnke, S. A., Jitnarin, N., & Batchelor, D. B. (2016). Is high-
intensity functional training (HIFT)/CrossFit safe for military fitness training? Military Medicine, 
181(7), 627-637. doi:10.7205/milmed-d-15-00273 
 312 
Poston, W. S., Haddock, C. K., Heinrich, K. M., Jahnke, S. A., Jitnarin, N., Batchelor, D. B., . . . Suminski, R. 
R. (2017). Response: Is high-intensity functional training (HIFT)/CrossFit safe for military fitness 
training? Military Medicine, 182(1), 1476-1479. doi:10.7205/milmed-d-16-00369 
Pritchard, H. J., Keogh, J. W., & Winwood, P. W. (2020). Tapering practices of elite CrossFit athletes. 
International Journal of Sports Science & Coaching, 15(5-6), 753-761. 
doi:10.1177/1747954120934924 
Rangel, S. J., Kelsey, J., Colby, C. E., Anderson, J., & Moss, R. L. (2003). Development of a quality assessment 
scale for retrospective clinical studies in pediatric surgery. Journal of Pediatric Surgery, 38(3), 390-
396. doi:10.1053/jpsu.2003.50114 
Rasmussen, L. N., & Montgomery, P. (2018). The prevalence of and factors associated with inclusion of non-
English language studies in Campbell systematic reviews: a survey and meta-epidemiological study. 
Systematic Reviews, 7(1), 129. doi:10.1186/s13643-018-0786-6 
Raysmith, B. P., & Drew, M. K. (2016). Performance success or failure is influenced by weeks lost to injury and 
illness in elite Australian track and field athletes: A 5-year prospective study. Journal of Science & 
Medicine in Sport, 19(10), 778-783. doi:10.1016/j.jsams.2015.12.515 
Reid, D. A., Vanweerd, R. J., Larmer, P. J., & Kingstone, R. (2015). The inter and intra rater reliability of the 
netball movement screening tool. Journal of Science & Medicine in Sport, 18(3), 353-357. 
doi:10.1016/j.jsams.2014.05.008 
Retzky, J. S., Baker, M., Hannan, C. V., & Srikumaran, U. (2020). Single Assessment Numeric Evaluation 
scores correlate positively with American Shoulder and Elbow Surgeons scores postoperatively in 
patients undergoing rotator cuff repair. Journal of Shoulder & Elbow Surgery, 29(1), 146-149. 
doi:10.1016/j.jse.2019.05.039 
Richardson, J. T. (2011). The analysis of 2 × 2 contingency tables--yet again. Statistics in Medicine, 30(8), 890; 
author reply 891-892. doi:10.1002/sim.4116 
Riff, A. J., Ukwuani, G., Clapp, I., Movassaghi, K., Kelly, D. M., & Nho, S. J. (2018). High rate of return to 
high-intensity interval training after arthroscopic management of femoroacetabular impingement 
syndrome. American Journal of Sports Medicine, 46(11), 2594-2600.  
Rosman, K. (2020, June 24, 2020). Greg Glassman, embattled owner of CrossFit, to sell his company. The New 
York Times. Retrieved October 20, 2020 from https://www.nytimes.com/2020/06/24/style/crossfit-sold-
greg-glassman.html 
Ross, L. M., Porter, R. R., & Durstine, J. L. (2016). High-intensity interval training (HIIT) for patients with 
chronic diseases. Journal of Sport and Health Science, 5(2), 139-144. doi:10.1016/j.jshs.2016.04.005 
Rothman, K. J., & Greenland, S. (2008). Cohort Studies. In Modern Epidemiology (3rd ed., pp. 100). 
Philadelphia: Wolters Kluwer. 
Routman, H. D., Triplet, J. J., Kurowicki, J., & Singh, N. (2018). Isolated rhabdomyolysis of the infraspinatus 
muscle following the CrossFit "Sissy Test". Journal of Bone and Joint Surgery Case Connector, 8(1), 
e2. doi:10.2106/JBJS.CC.17.00020 
Rusling, C., Edwards, K. L., Bhattacharya, A., Reed, A., Irwin, S., Boles, A., . . . Hodgson, L. (2015). The 
Functional Movement Screening tool does not predict injury in football. Progress in Orthopaedic 
Science, 1(2), 41-46. doi:10.5455/pos.20150803113054 
Russell, K. L., & Bray, S. R. (2009). Self-determined motivation predicts independent, home-based exercise 
following cardiac rehabilitation. Rehabilitation Psychology, 54(2), 150-156. doi:10.1037/a0015595 
Rynecki, N. D., Siracuse, B. L., Ippolito, J. A., & Beebe, K. S. (2018). [Conference Abstract] Injuries related to 
fitness trends: Is CrossFit the newest contributor? Medicine & Science in Sports & Exercise, 50, 573-
574. doi:10.1249/01.mss.0000536977.75705.3c 
Sackett, D. L., Richardson, W. S., Rosenberg, W., & Haynes, R. B. (1997). Evidence Based Medicine: How to 
Practice and Teach EBM. New York: Churchill Livingstone. 
 313 
Sadatsafavi, M., Najafzadeh, M., Lynd, L., & Marra, C. (2008). Reliability studies of diagnostic tests are not 
using enough observers for robust estimation of interobserver agreement: A simulation study. Journal 
of Clinical Epidemiology, 61(7), 722-727. doi:10.1016/j.jclinepi.2007.10.023 
Sanderson, S., Tatt, I. D., & Higgins, J. P. (2007). Tools for assessing quality and susceptibility to bias in 
observational studies in epidemiology: A systematic review and annotated bibliography. International 
Journal of Epidemiology, 36(3), 666-676. doi:10.1093/ije/dym018 
Sands, W. A., Kavanaugh, A. A., Murray, S. R., McNeal, J. R., & Jemni, M. (2017). Modern techniques and 
technologies applied to training and performance monitoring. International Journal of Sports 
Physiology & Performance, 12(Suppl 2), S263-s272. doi:10.1123/ijspp.2016-0405 
Savage, P. (2008). Hand rips, causes, treatments, and prevention. CrossFit Journal, April(68), 1-5. Retrieved 
October 20, 2020 from https://library.crossfit.com/free/pdf/68_08_Hand_Rips.pdf 
Saw, A. E., Main, L. C., & Gastin, P. B. (2015). Monitoring the athlete training response: subjective self-
reported measures trump commonly used objective measures: a systematic review. British Journal of 
Sports Medicine. doi:10.1136/bjsports-2015-094758 
Schlegel, P. (2020). CrossFit® training strategies from the perspective of concurrent training: A systematic 
review. Journal of Sports Science and Medicine, 19, 670-680.  
Schneider, C., Hanakam, F., Wiewelhove, T., Döweling, A., Kellmann, M., Meyer, T., . . . Ferrauti, A. (2018). 
Heart rate monitoring in team sports – A conceptual framework for contextualizing heart rate measures 
for training and recovery prescription. Frontiers in Physiology, 9. doi:10.3389/fphys.2018.00639 
Schneiders, A. G., Davidsson, A., Horman, E., & Sullivan, S. J. (2011). Functional movement screen normative 
values in a young, active population. International Journal of Sports Physical Therapy, 6(2), 75-82.  
Schöpfel, J. (2010). Towards a Prague definition of grey literature. Paper presented at the Paper presented at the 
Twelfth International Conference on Grey Literature: Transparency in grey literature. Grey tech 
approaches to high tech issues, Prague.  
Schroeder, J., Wellmann, K., Stein, D., & Braumann, K. (2016). The Functional Movement Screen for injury 
prediction in male amateur football. Dtsch Z Sportmed, 67, 39-43. doi:10.5960/dzsm.2015.200 
Schuh-Renner, A., Canham-Chervak, M., Grier, T. L., & Jones, B. H. (2019). Accuracy of self-reported injuries 
compared to medical record data. Musculoskeletal Science and Practice, 39, 39-44. 
doi:10.1016/j.msksp.2018.11.007 
Schwartz, D., & Lellouch, J. (2009). Explanatory and pragmatic attitudes in therapeutical trials. Journal of 
Clinical Epidemiology, 62(5), 499-505. doi:10.1016/j.jclinepi.2009.01.012 
Schwellnus, M., Soligard, T., Alonso, J.-M., Bahr, R., Clarsen, B., Dijkstra, H. P., . . . Engebretsen, L. (2016). 
How much is too much? (Part 2) International Olympic Committee consensus statement on load in 
sport and risk of illness. British Journal of Sports Medicine, 50(17), 1043-1052. doi:10.1136/bjsports-
2016-096572 
Scott, B. R., Duthie, G. M., Thornton, H. R., & Dascombe, B. J. (2016). Training monitoring for resistance 
exercise: Theory and applications. Sports Medicine, 46(5), 687-698. doi:10.1007/s40279-015-0454-0 
Sell, T., Chu, Y., Abt, J., Nagai, T., Deluzio, J., McGrail, M., . . . Lephart, S. (2010). Minimal additional weight 
of combat equipment alters air assault soldiers’ landing biomechanics. Military Medicine, 175(1), 41-
47. doi:10.7205/MILMED-D-09-00066 
Semple, S. (2005). Consistency before intensity. CrossFit Journal(34), 1-2.  
Serenko, J., & Lafontaine, E. (2018). Using Functional Movement Screen (FMS) to predict injury in Crossfit 
athletes. (Doctoral thesis). Florida Gulf Coast University,  
Seryak, T. (n.d.). Where CrossFit Fails: Training Vs. Testing. Retrieved October 20, 2020 from 
https://breakingmuscle.com/fitness/where-crossfit-fails-training-vs-testing 
 314 
Shamliyan, T. A., Kane, R. L., Ansari, M. T., Raman, G., Berkman, N. D., Grant, M., . . . Tsouros, S. (2011). 
Development quality criteria to evaluate nontherapeutic studies of incidence, prevalence, or risk factors 
of chronic diseases: pilot study of new checklists. Journal of Clinical Epidemiology, 64(6), 637-657. 
doi:doi.org/10.1016/j.jclinepi.2010.08.006 
Shamliyan, T. A., Kane, R. L., & Dickinson, S. (2010). A systematic review of tools used to assess the quality 
of observational studies that examine incidence or prevalence and risk factors for diseases. Journal of 
Clinical Epidemiology, 63(10), 1061-1070. doi:doi.org/10.1016/j.jclinepi.2010.04.014 
Sheskin, D. J. (2004). Handbook of parametric and nonparametric statistical procedures (3rd ed.). Boca Raton: 
Chapman & Hall/CRC Press  
Shimokochi, Y., Ambegaonkar, J. P., Meyer, E. G., Lee, S. Y., & Shultz, S. J. (2013). Changing sagittal plane 
body position during single-leg landings influences the risk of non-contact anterior cruciate ligament 
injury. Knee Surgery Sports Traumatology Arthroscopy, 21(4), 888-897. doi:10.1007/s00167-012-
2011-9 [doi] 
Shojaedin, S. S., Letafatkar, A., Hadadnezhad, M., & Dehkhoda, M. R. (2014). Relationship between functional 
movement screening score and history of injury and identifying the predictive value of the FMS for 
injury. International Journal of Injury Control and Safety Promotion, 21(4), 355-360. 
doi:10.1080/17457300.2013.833942 
Shoukri, M. M., Asyali, M. H., & Donner, A. (2004). Sample size requirements for the design of reliability 
study: review and new results. Statistial Methods in Medical Research, 13(4), 251-271. 
doi:10.1191/0962280204sm365ra 
Showtime Networks Inc. 60 Minutes Sports, Season 2014, Episode 6: Kelly Starrett: Master of Motion. 
Retrieved October 20, 2020 from https://www.sho.com/video/31239/kelly-starrett-master-of-motion 
Shrier, I., Clarsen, B., Verhagen, E., Gordon, K., & Mellette, J. (2017). Improving the accuracy of sports 
medicine surveillance: when is a subsequent event a new injury? British Journal of Sports Medicine, 
51, 26-28. doi:10.1136/bjsports-2016-096160 
Shrier, I., Steele, R. J., Zhao, M., Naimi, A., Verhagen, E., Stovitz, S. D., . . . Hewett, T. E. (2016). A multistate 
framework for the analysis of subsequent injury in sport (M-FASIS). Scandinavian Journal of 
Medicine & Science in Sports, 26(2), 128-139. doi:10.1111/sms.12493 
Shultz, R., Anderson, S. C., Matheson, G. O., Marcello, B., & Besier, T. (2013). Test-retest and interrater 
reliability of the functional movement screen. Journal of Athletic Training, 48(3), 331-336. 
doi:10.4085/1062-6050-48.2.11 
Sibley, B. A., & Bergman, S. M. (2018). What keeps athletes in the gym? Goals, psychological needs, and 
motivation of CrossFit™ participants. International Journal of Sport and Exercise Psychology, 16, 
555-574. doi:10.1080/1612197X.2017.1280835 
Sim, J., & Wright, C. C. (2005). The kappa statistic in reliability studies: use, interpretation, and sample size 
requirements. Physical Therapy, 85(3), 257-268.  
Singh, F., Foster, C., Tod, D., & McGuigan, M. R. (2007). Monitoring different types of resistance training 
using session rating of perceived exertion. International Journal of Sports Physiology & Performance, 
2(1), 34-45. doi:10.1123/ijspp.2.1.34 
Slavin, R. E. (1995). Best evidence synthesis: An intelligent alternative to meta-analysis. Journal of Clinical 
Epidemiology, 48(1), 9-18. doi:10.1016/0895-4356(94)00097-A 
Smith, A. M. (1996). Psychological impact of injuries in athletes. Sports Medicine, 22(6), 391-405. 
doi:10.2165/00007256-199622060-00006 
Smith, C. A., Chimera, N. J., Wright, N. J., & Warren, M. (2013). Interrater and intrarater reliability of the 
functional movement screen. Journal of Strength & Conditioning Research, 27(4), 982-987. 
doi:10.1519/JSC.0b013e3182606df2 
 315 
Smith, D. J., & Norris, S. R. (2012). Periodization. In F. C. Mooren (Ed.), Encyclopedia of Exercise Medicine in 
Health and Disease (pp. 694-697). Berlin, Heidelberg: Springer Berlin Heidelberg. 
Smith, H. C., Johnson, R. J., Shultz, S. J., Tourville, T., Holterman, L. A., Slauterbeck, J., . . . Beynnon, B. D. 
(2012). A prospective evaluation of the Landing Error Scoring System (LESS) as a screening tool for 
anterior cruciate ligament injury risk. American Journal of Sports Medicine, 40(3), 521-526. 
doi:10.1177/0363546511429776 
Smith, L., Westrick, R., Sauers, S., Cooper, A., Scofield, D., Claro, P., & Warr, B. (2016). Underreporting of 
musculoskeletal injuries in the US Army: Findings from an infantry brigade combat team survey study. 
Sports Health, 8(6), 507-513. doi:10.1177/1941738116670873 
Smythe, J. D. (2016). The SAGE handbook of survey methodology. In. doi:10.4135/9781473957893 
Soligard, T., Schwellnus, M., Alonso, J.-M., Bahr, R., Clarsen, B., Dijkstra, H. P., . . . Engebretsen, L. (2016). 
How much is too much? (Part 1) International Olympic Committee consensus statement on load in 
sport and risk of injury. British Journal of Sports Medicine, 50(17), 1030-1041. doi:10.1136/bjsports-
2016-096581 
Sorenson, E. A. (2016). The reliability of Functional Movement Screen scores assigned by athletic trainers. 
International Journal of Athletic Therapy and Training, 21(3), 38-41. doi:10.1123/ijatt.2015-0070 
Sprey, J. W., Ferreira, T., de Lima, M. V., Duarte, A., Jr., Jorge, P. B., & Santili, C. (2016). An epidemiological 
profile of CrossFit athletes in Brazil. Orthopaedic Journal of Sports Medicine, 4(8), 
2325967116663706. doi:10.1177/2325967116663706 
Starrett, K. (2013). Becoming a supple leopard : the ultimate guide to resolving pain, preventing injury, and 
optimizing athletic performance. Las Vegas: Victory Belt Publishing Inc. 
Steinhaus, M. E., Makhni, E. C., Lieber, A. C., Kahlenberg, C. A., Gulotta, L. V., Romeo, A. A., & Verma, N. 
N. (2016). Variable reporting of functional outcomes and return to play in superior labrum anterior and 
posterior tear. Journal of Shoulder & Elbow Surgery, 25(11), 1896-1905. 
doi:10.1016/j.jse.2016.04.020 
Sterne, J. A., White, I. R., Carlin, J. B., Spratt, M., Royston, P., Kenward, M. G., . . . Carpenter, J. R. (2009). 
Multiple imputation for missing data in epidemiological and clinical research: potential and pitfalls. 
BMJ, 338, b2393. doi:10.1136/bmj.b2393 




Stroup, D. F., Berlin, J. A., Morton, S. C., Olkin, I., Williamson, G. D., Rennie, D., . . . Thacker, S. B. (2000). 
Meta-analysis of observational studies in epidemiology: A proposal for reporting. Meta-analysis Of 
Observational Studies in Epidemiology (MOOSE) group. Journal of the American Medical 
Association, 283(15), 2008-2012. doi:10.1001/jama.283.15.2008. 
Sueki, D. G., Cleland, J. A., & Wainner, R. S. (2013). A regional interdependence model of musculoskeletal 
dysfunction: research, mechanisms, and clinical implications. Journal of Manual and Manipulative 
Therapy, 21(2), 90-102. doi:10.1179/2042618612y.0000000027 
Sueyoshi, T., Emoto, G., & Yato, T. (2018). Correlation between Single Assessment Numerical Evaluation 
score and Lysholm score in primary total knee arthroplasty patients. Arthroplasty Today, 4(1), 99-102. 
doi:10.1016/j.artd.2017.09.004 
Sullivan, G. M., & Feinn, R. (2012). Using effect size - or why the p value is not enough. Journal of Graduate 
Medical Education, 4(3), 279-282. doi:10.4300/JGME-D-12-00156.1 
Summitt, R. J., Cotton, R. A., Kays, A. C., & Slaven, E. J. (2016). Shoulder injuries in individuals who 
participate in CrossFit training. Sports Health, 8(6), 541-546. doi:10.1177/1941738116666073 
 316 
Swaine, B. R., & Sullivan, S. J. (1999). Interpreting reliability of early motor function measurement following 
head injury. Physiotherapy Theory and Practice, 15, 155-164.  
Swann, C., Moran, A., & Piggott, D. (2015). Defining elite athletes: Issues in the study of expert performance in 
sport psychology. Psychology of Sport and Exercise, 16, Part 1, 3-14. 
doi:10.1016/j.psychsport.2014.07.004 
Sweet, T. W., Foster, C., McGuigan, M. R., & Brice, G. (2004). Quantitation of resistance training using the 
session rating of perceived exertion method. Journal of Strength & Conditioning Research, 18(4), 796-
802. doi:10.1519/14153.1 
Tafuri, S., Salatino, G., Napoletano, P., Monno, A., & Notarnicola, A. (2019). The risk of injuries among 
CrossFit athletes: an Italian observational retrospective survey. Journal of Sports Medicine and 
Physical Fitness, 59(9), 1544-1550. doi:10.23736/S0022-4707.18.09240-X 
Taimela, S., Kujala, U. M., & Osterman, K. (1990). Intrinsic risk factors and athletic injuries. Sports Medicine, 
9(4), 205-215. doi:10.2165/00007256-199009040-00002 
Tarara, D. T., Hegedus, E. J., & Taylor, J. B. (2014). Real-time test-retest and interrater reliability of select 
physical performance measures in physically active college-aged students. International Journal of 
Sports Physical Therapy, 9(7), 874-887.  
Terwee, C. B., Bot, S. D. M., de Boer, M. R., van der Windt, D. A. W. M., Knol, D. L., Dekker, J., . . . de Vet, 
H. C. W. (2007). Quality criteria were proposed for measurement properties of health status 
questionnaires. Journal of Clinical Epidemiology, 60(1), 34-42. doi:10.1016/j.jclinepi.2006.03.012 
Terwee, C. B., Mokkink, L. B., Knol, D. L., Ostelo, R. W. J. G., Bouter, L. M., & de Vet, H. C. W. (2012). 
Rating the methodological quality in systematic reviews of studies on measurement properties: a 
scoring system for the COSMIN checklist. Quality of Life Research, 21(4), 651-657. 
doi:10.1007/s11136-011-9960-1 
Teyhen, D. S., Shaffer, S. W., Butler, R. J., Goffar, S. L., Kiesel, K. B., Rhon, D. I., . . . Plisky, P. J. (2015). 
What risk factors are associated with musculoskeletal injury in US Army Rangers? A prospective 
prognostic study. Clinical Orthopaedics and Related Research, 473(9), 2948-2958. 
doi:10.1007/s11999-015-4342-6. 
Teyhen, D. S., Shaffer, S. W., Lorenson, C. L., Halfpap, J. P., Donofry, D. F., Walker, M. J., . . . Childs, J. D. 
(2010). Functional movement screen: a reliability study in service members. US Army Medical 
Department Journal, July-Sept, 71. Retrieved October 20, 2020 from 
http://cdm15290.contentdm.oclc.org/cdm/ref/collection/p15290coll3/id/1142 
Teyhen, D. S., Shaffer, S. W., Lorenson, C. L., Halfpap, J. P., Donofry, D. F., Walker, M. J., . . . Childs, J. D. 
(2012). The functional movement screen: a reliability study. Journal of Orthopaedic & Sports Physical 
Therapy, 42(6), 530-540. doi:10.2519/jospt.2012.3838 
Thabane, L., Hopewell, S., Lancaster, G. A., Bond, C. M., Coleman, C. L., Campbell, M. J., & Eldridge, S. M. 
(2016). Methods and processes for development of a CONSORT extension for reporting pilot 
randomized controlled trials. Pilot and Feasibility Studies, 2, 25. doi:10.1186/s40814-016-0065-z 
Thabane, L., Ma, J., Chu, R., Cheng, J., Ismaila, A., & Rios, L. P. (2010). A tutorial on pilot studies: the what, 
why and how. BMC Medical Research Methodology, 10. doi:10.1186/1471-2288-10-1 
The Joanna Briggs Institute. (2015). The Joanna Briggs Institute Reviewers’ Manual 2015 Methodology for JBI 
Scoping Reviews. Retrieved October 20, 2020 from 
https://nursing.lsuhsc.edu/JBI/docs/ReviewersManuals/Scoping-.pdf 
Thigpen, C. A., Shanley, E., Momaya, A. M., Kissenberth, M. J., Tolan, S. J., Tokish, J. M., & Hawkins, R. J. 
(2018). Validity and responsiveness of the single alpha-numeric evaluation for shoulder patients. 
American Journal of Sports Medicine, 46(14), 3480-3485. doi:10.1177/0363546518807924 
Thompson, W. R. (2013). Now trending: Worldwide survey of fitness trends for 2014. ACSM's Health & 
Fitness Journal, 17(6), 10-20.  
 317 
Thompson, W. R. (2014). World wide survey of fitness trends for 2015: what’s driving the market. ACSM’s 
Health & Fitness Journal, 18, 8-17.  
Thompson, W. R. (2015). Worldwide survey or fitness trends for 2016: 10th Anniversary edition. ACSM’s 
Health & Fitness Journal, 19, 9-18.  
Thompson, W. R. (2016). World wide survey of fitness trends for 2017. ACSM’s Health & Fitness Journal, 20, 
8-17.  
Tibana, R. A., de Sousa, N. M. F., Cunha, G. V., Prestes, J., Fett, C., Gabbett, T. J., & Voltarelli, F. A. (2018). 
Validity of session rating perceived exertion method for quantifying internal training load during high-
intensity functional training. Sports, 6(3). doi:10.3390/sports6030068 
Tibana, R. A., Manuel Frade De Sousa, N., Prestes, J., Da Cunha Nascimento, D., Ernesto, C., Falk Neto, J. H., . 
. . Azevedo Voltarelli, F. (2019). Is perceived exertion a useful indicator of the metabolic and 
cardiovascular responses to a metabolic conditioning session of functional fitness? Sports, 7(7), 161. 
doi:10.3390/sports7070161 
Tibana, R. A., & Sousa, N. M. F. (2018). Are extreme conditioning programmes effective and safe? A narrative 
review of high-intensity functional training methods research paradigms and findings. BMJ Open Sport 
& Exercise Medicine, 4(1), e000435. doi:10.1136/bmjsem-2018-000435 
Timpka, T., Alonso, J. M., Jacobsson, J., Junge, A., Branco, P., Clarsen, B., . . . Edouard, P. (2014). Injury and 
illness definitions and data collection procedures for use in epidemiological studies in Athletics (track 
and field): Consensus statement. British Journal of Sports Medicine, 48(7), 483-490. 
doi:10.1136/bjsports-2013-093241 
Toledano, M. B., Smith, R. B., Brook, J. P., Douglass, M., & Elliott, P. (2015). How to establish and follow up a 
large prospective cohort study in the 21st century - Lessons from UK COSMOS. PLoS One, 10(7), 
e0131521. doi:10.1371/journal.pone.0131521 
Toohey, L. A., Drew, M. K., Cook, J. L., Finch, C. F., & Gaida, J. E. (2017). Is subsequent lower limb injury 
associated with previous injury? A systematic review and meta-analysis. British Journal of Sports 
Medicine, 51(23), 1670-1678. doi:10.1136/bjsports-2017-097500 
Torchia, M. T., Austin, D. C., Werth, P. M., Lucas, A. P., Moschetti, W. E., & Jevsevar, D. S. (2020). A SANE 
approach to outcome collection? Comparing the performance of single- versus multiple-question 
patient-reported outcome measures after total hip arthroplasty. Journal of Arthroplasty. 
doi:10.1016/j.arth.2020.01.015 
Tricco, A. C., Lillie, E., Zarin, W., O'Brien, K. K., Colquhoun, H., Levac, D., . . . Straus, S. E. (2018). PRISMA 
extension for scoping reviews (PRISMA-ScR): Checklist and explanation. Annals of Internal 
Medicine, 169(7), 467. doi:10.7326/m18-0850 
Trompeter, K., Fett, D., & Platen, P. (2017). Prevalence of back pain in sports: A systematic review of the 
literature. Sports Medicine, 47(6), 1183-1207. doi:10.1007/s40279-016-0645-3 
Truong, L. K., Mosewich, A. D., Holt, C. J., Le, C. Y., Miciak, M., & Whittaker, J. L. (2020). Psychological, 
social and contextual factors across recovery stages following a sport-related knee injury: a scoping 
review. British Journal of Sports Medicine, 54(19), 1149. doi:10.1136/bjsports-2019-101206 
Uchida, M. C., Teixeira, L. F., Godoi, V. J., Marchetti, P. H., Conte, M., Coutts, A. J., & Bacurau, R. F. (2014). 
Does the timing of measurement alter session-RPE in boxers? Journal of Sports Science and Medicine, 
13(1), 59-65.  
Ullah, S., Gabbett, T. J., & Finch, C. F. (2014). Statistical modelling for recurrent events: an application to 
sports injuries. British Journal of Sports Medicine, 48(17), 1287-1293. doi:10.1136/bjsports-2011-
090803 
University of Chicago. Press, p. (2017). The Chicago manual of style (Seventeenth edition. ed.). Chicago: The 
University of Chicago Press. 
 318 
Vacha-Haase, T. (1998). Reliability generalization: exploring variance in measurement error affecting score 
reliability across studies. Educational and Psychological Measurement, 58(1), 6-20. 
doi:10.1177/0013164498058001002 
van Mechelen, W. (1997). Sports injury surveillance systems. Sports Medicine, 24(3), 164-168. 
doi:10.2165/00007256-199724030-00003 
van Mechelen, W., Hlobil, H., & Kemper, H. C. (1992). Incidence, severity, aetiology and prevention of sports 
injuries. A review of concepts. Sports Medicine, 14(2), 82-99.  
van Noorden, R. (2014). Online collaboration: Scientists and the social network. Nature, 512(7513), 126-129. 
doi:10.1038/512126a 
van Tulder, M., Furlan, A., Bombardier, C., & Bouter, L. (2003). Updated method guidelines for systematic 
reviews in the Cochrane collaboration back review group. Spine, 28(12), 1290-1299. 
doi:10.1097/01.BRS.0000065484.95996.AF  
Vandenbroucke, J. P., von Elm, E., Altman, D. G., Gotzsche, P. C., Mulrow, C. D., Pocock, S. J., . . . Egger, M. 
(2007). Strengthening the Reporting of Observational Studies in Epidemiology (STROBE): 
explanation and elaboration. Epidemiology, 18(6), 805-835. doi:10.1097/EDE.0b013e3181577511 
Vanderbilt-University. (2018). Redcap, REDCap: Research Electronic Data Capture Web site. Retrieved 
October 20, 2020 from https://www.project-redcap.org/ 
Vanrenterghem, J., Nedergaard, N. J., Robinson, M. A., & Drust, B. (2017). Training load monitoring in team 
sports: A novel framework separating physiological and biomechanical load-adaptation pathways. 
Sports Medicine, 47(11), 2135-2142. doi:10.1007/s40279-017-0714-2 
Verhagen, A. P., de Vet, H. C., de Bie, R. A., Kessels, A. G., Boers, M., Bouter, L. M., & Knipschild, P. G. 
(1998). The Delphi list: a criteria list for quality assessment of randomized clinical trials for conducting 
systematic reviews developed by Delphi consensus. Journal of Clinical Epidemiology, 51(12), 1235-
1241. doi:10.1016/s0895-4356(98)00131-0 
Verhagen, E., & van Mechelen, W. (Eds.). (2010). Sports injury research. New York: Oxford University Press. 
Verhagen, E. A. L. M., & van Mechelen, W. (2010). Sport for all, injury prevention for all. British Journal of 
Sports Medicine, 44(3), 158. doi:10.1136/bjsm.2009.066316 
Videbaek, S., Bueno, A. M., Nielsen, R. O., & Rasmussen, S. (2015). Incidence of running-related injuries per 
1000 h of running in different types of runners: A systematic review and meta-analysis. Sports 
Medicine, 45(7), 1017-1026. doi:10.1007/s40279-015-0333-8 
Vogel, S., & Draper-Rodi, J. (2017). The importance of pilot studies, how to write them and what they mean. 
International Journal of Osteopathic Medicine, 23, 2-3. doi:10.1016/j.ijosm.2017.02.001 
von Rosen, P., & Heijne, A. (2017). How should we categorise self-reported data on subsequent injuries? 
European Journal of Sport Science, 17(5), 621-628. doi:10.1080/17461391.2017.1290695 
von Rosen, P., Heijne, A., Frohm, A., Fridén, C., & Kottorp, A. (2018). High injury burden in elite adolescent 
athletes: A 52-week prospective study. Journal of Athletic Training, 53(3), 262-270. doi:10.4085/1062-
6050-251-16 
von Rottkay, E., Nöth, U., Zinner, J., & Reichert, J. C. (2018). Schulterverletzungen im CrossFit und 
verwandten Sportarten. Sport-Orthopädie - Sport-Traumatologie, 34(2), 145-150. 
doi:10.1016/j.orthtr.2017.12.007 
Voss, P. H., & Rehfuess, E. A. (2013). Quality appraisal in systematic reviews of public health interventions: an 
empirical study on the impact of choice of tool on meta-analysis. Journal of Epidemiology and 
Community Health, 67(1), 98-104. doi:10.1136/jech-2011-200940 
Walden, M., Hagglund, M., & Ekstrand, J. (2006). High risk of new knee injury in elite footballers with 
previous anterior cruciate ligament injury. British Journal of Sports Medicine, 40(2), 158-162. 
doi:10.1136/bjsm.2005.021055 
 319 
Waldron, M., Gray, A., Worsfold, P., & Twist, C. (2016). The reliability of functional movement screening 
(FMS) and in-season changes in physical function and performance among elite rugby league players. 
Journal of Strength & Conditioning Research, 30(4), 910-918. doi:10.1519/JSC.0000000000000270 
Wallace, L. K., Slattery, K. M., Impellizzeri, F. M., & Coutts, A. J. (2014). Establishing the criterion validity 
and reliability of common methods for quantifying training load. Journal of Strength & Conditioning 
Research, 28(8), 2330-2337. doi:10.1519/jsc.0000000000000416 
Wang, C., Vargas, J. T., Stokes, T., Steele, R., & Shrier, I. (2020). Analyzing activity and injury: Lessons 
learned from the acute:chronic workload ratio. Sports Medicine, 50, 1243-1254. doi:10.1007/s40279-
020-01280-1 
Ward, P., Coutts, A. J., Pruna, R., & McCall, A. (2018). Putting the i back in team. International Journal of 
Sports Physiology and Performance, 13(8), 1107-1111. doi:10.1123/ijspp.2018-0154 
Warren, M., Lininger, M. R., Chimera, N. J., & Smith, C. A. (2018). Utility of FMS to understand injury 
incidence in sports: current perspectives. Open Access Journal of Sports Medicine, 9, 171-182. 
doi:10.2147/OAJSM.S149139 
Warren, M., Smith, C. A., & Chimera, N. J. (2015). Association of the Functional Movement Screen with 
injuries in division I athletes. Journal of Sport Rehabilitation, 24(2), 163-170. doi:10.1123/jsr.2013-
0141 
Webster, K. E., & Feller, J. A. (2018). Development and validation of a short version of the anterior cruciate 
ligament return to sport afterinjury (ACL-RSI) scale. Orthopaedic Journal of Sports Medicine, 6(4), 
2325967118763763. doi:10.1177/2325967118763763 
Weisenthal, B. M., Beck, C. A., Maloney, M. D., DeHaven, K. E., & Giordano, B. D. (2014). Injury rate and 
patterns among CrossFit athletes. Orthopaedic Journal of Sports Medicine, 2(4), 2325967114531177. 
doi:10.1177/2325967114531177 
Wells, G., Shea, B., O’Connell , D., Peterson, J., Welch, V., Losos, M., & Tugwell, P. (2013). The Newcastle-
Ottawa Scale (NOS) for assessing the quality of nonrandomised studies in meta-analyses. Retrieved 
October 20, 2020 from http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp 
Welsh, P., DeGraauw, C., & Whitty, D. (2016). Delayed diagnosis of an isolated posterolateral corner injury: a 
case report. Journal of the Canadian Chiropractic Association, 60(4), 299-304.  
Werner, D. (2014). The athletic skill levels version 2.0. Retrieved October 20, 2020 from 
https://moveskill.com/2020/02/16/the-athletic-skill-levels-version-2-0/ 
Werner, D. (2020). Athletic skill levels 2.0. Retrieved October 20, 2020 from https://moveskill.com/wp-
content/uploads/2020/02/Skill-Levels-V2.0-All.pdf 
Whatman, C., Hing, W., & Hume, P. (2012). Physiotherapist agreement when visually rating movement quality 
during lower extremity functional screening tests. Physical Therapy in Sport, 13(2), 87-96. 
doi:10.1016/j.ptsp.2011.07.001 
Whiteman-Sandland, J., Hawkins, J., & Clayton, D. (2018). The role of social capital and community 
belongingness for exercise adherence: An exploratory study of the CrossFit gym model. Journal of 
Health Psychology, 23, 1545-1556. doi:10.1177/1359105316664132 
Whiting, P., Harbord, R., & Kleijnen, J. (2005). No role for quality scores in systematic reviews of diagnostic 
accuracy studies. BMC Medical Research Methodology, 5, 19. doi:10.1186/1471-2288-5-19 
Whiting, P., Wolff, R., Mallett, S., Simera, I., & Savovic, J. (2017). A proposed framework for developing 
quality assessment tools. Systematic Reviews, 6(1), 204. doi:10.1186/s13643-017-0604-6 
Whiting, P. F., Rutjes, A. W. S., Westwood, M. E., Mallett, S., Deeks, J. J., Reitsma, J. B., . . . Bossuyt, P. M. 
M. (2011). QUADAS-2: A revised tool for the Quality Assessment of Diagnostic Accuracy Studies. 
Annals of Internal Medicine, 155(8), 529-536. doi:10.7326/0003-4819-155-8-201110180-00009 
 320 
Whittle, J. H., Peters, S. E., Manzanero, S., & Duke, P. F. (2020). A systematic review of patient-reported 
outcome measures used in shoulder instability research. Journal of Shoulder & Elbow Surgery, 29(2), 
381-391. doi:10.1016/j.jse.2019.07.001 
Wiese, B. W., Boone, J. K., Mattacola, C. G., McKeon, P. O., & Uhl, T. L. (2014). Determination of the 
functional movement screen to predict musculoskeletal injury in intercollegiate athletics. Athletic 
Training and Sports Health Care, 6(4), 161-169. doi:10.3928/19425864-20140717-01 
Williams, G. N., Gangel, T. J., Arciero, R. A., Uhorchak, J. M., & Taylor, D. C. (1999). Comparison of the 
Single Assessment Numeric Evaluation method and two shoulder rating scales: Outcomes measures 
after shoulder surgery. American Journal of Sports Medicine, 27(2), 214-221.  
Williams, S., Booten, T., Watson, M., Rowland, D., & Altini, M. (2017). Heart rate variability is a moderating 
factor in the workload-injury relationship of competitive CrossFitTM athletes. Journal of Sports 
Science and Medicine, 16, 443-449.  
Williams, S., Hitchcock, J., Davies, L., Barnes, C., Williams, S., & Williams, A. (2020). Injury surveillance 
during competitive functional fitness racing events. International Journal of Exercise Science, 13(6), 
197-205.  
Williams, S., West, S., Cross, M. J., & Stokes, K. A. (2016). Better way to determine the acute:chronic 
workload ratio? British Journal of Sports Medicine. doi:10.1136/bjsports-2016-096589 
Wilson, P. M., Rodgers, W. M., Fraser, S. N., & Murray, T. C. (2004). Relationships between exercise 
regulations and motivational consequences in university students. Research Quarterly in Exercise and 
Sport, 75(1), 81-91. doi:10.1080/02701367.2004.10609136 
Windt, J., Ardern, C. L., Gabbett, T. J., Khan, K. M., Cook, C. E., Sporer, B. C., & Zumbo, B. D. (2018). 
Getting the most out of intensive longitudinal data: a methodological review of workload-injury 
studies. BMJ Open, 8(10), e022626. doi:10.1136/bmjopen-2018-022626 
Windt, J., & Gabbett, T. J. (2016). How do training and competition workloads relate to injury? The 
workload—injury aetiology model. British Journal of Sports Medicine, 51(5), 428-435. 
doi:10.1136/bjsports-2016-096040 
Windt, J., & Gabbett, T. J. (2019). Is it all for naught? What does mathematical coupling mean for acute:chronic 
workload ratios? British Journal of Sports Medicine, 53(16), 988. doi:10.1136/bjsports-2017-098925 
Winterstein, A. P., McGuine, T. A., Carr, K. E., & Hetzel, S. J. (2013). Comparison of IKDC and SANE 
outcome measures following knee injury in active female patients. Sports Health, 5(6), 523-529. 
doi:10.1177/1941738113499300 
Wright, A. A., & Cook, C. E. (2013). Criterion validation of the rate of recovery, single alphanumeric measure, 
in patients with low back pain. Physiotherapy Research International, 18(2), 124-129. 
doi:10.1002/pri.1538 
Wright, A. A., Stern, B., Hegedus, E. J., Tarara, D. T., Taylor, J. B., & Dischiavi, S. L. (2016). Potential 
limitations of the Functional Movement Screen: a clinical commentary. British Journal of Sports 
Medicine, 50(13), 770-771. doi:10.1136/bjsports-2015-095796 
Yaffe, J., Montgomery, P., Hopewell, S., & Shepard, L. D. (2012). Empty reviews: A description and 
consideration of Cochrane systematic reviews with no included studies. PLoS One, 7(5), e36626. 
doi:10.1371/journal.pone.0036626 
Yong, E. (2018). In science, there should be a prize for second place. The Atlantic. Retrieved October 20, 2020 
from https://www.theatlantic.com/science/archive/2018/02/in-science-there-should-be-a-prize-for-
second-place/552131/ 
Yoon, U., & Knobloch, K. (2012). Quality of reporting in sports injury prevention abstracts according to the 
CONSORT and STROBE criteria: an analysis of the World Congress of Sports Injury Prevention in 
2005 and 2008. British Journal of Sports Medicine, 46(3), 202-206. doi:10.1136/bjsm.2008.053876 
 321 
Zalai, D., Panics, G., Bobak, P., Csaki, I., & Hamar, P. (2015). Quality of functional movement patterns and 
injury examination in elite-level male professional football players. Acta Physiologica Hungarica 
102(1), 34-42. doi:10.1556/APhysiol.101.2014.010 
Zeng, X., Zhang, Y., Kwong, J. S., Zhang, C., Li, S., Sun, F., . . . Du, L. (2015). The methodological quality 
assessment tools for preclinical and clinical studies, systematic review and meta-analysis, and clinical 
practice guideline: a systematic review. Journal of Evidence Based Medicine, 8(1), 2-10. 
doi:10.1111/jebm.12141. 
Zumbo, B. D. (2007). Validity: foundational issues and statistical methodology. In C. R. Rao & S. Sinharay 








Appendix 1.  Enhanced framework for scoping review (Levac et al, 2010) ….….….….….….….…………... 322 
Appendix 2.  Assessment Indicators for Body Archetypes ………………….……………………………….. 324 
Appendix 3.  Body Archetypes Assessment  Rating Worksheet ………………….…………………………. 327 
Appendix 4.  Operational definitions for QAREL items in context of Functional Movement Screening …… 328 
Appendix 5.  Proposed ecological validity item to supplement QAREL ………………….…………………. 334 
Appendix 6.  PROSPERO protocol as registered (Chapter 7)  ………………….…………………………… 335 
Appendix 7.  Matrix for assessment of clinical and methodological diversity (Chapter 7) ………………….. 339 
Appendix 8.  Ethics documentation ………………….………………………………………………………. 340 
Appendix 8.1 Letter of ethical approval ………………….………………………………………… 341 
Appendix 8.2 Letter of approval for amendment to permit pilot work  ………………….………… 342 
Appendix 8.3 Letter of approval for amendment to add personnel ………………….……………... 343 
Appendix 8.4 Letter of approval for extension of time ………………….…………………………. 344 
Appendix 8.5 Participant Information – Pilot work  ………………….……………………………. 345 
Appendix 8.6 Participant Consent Form – Pilot work    ………………….………………………… 348 
Appendix 8.7 Participant Information Sheet– Main study ………………….……………………… 349 
Appendix 8.8 Participant Consent Form – Main study ………………….…………………………. 352 
Appendix 8.9 Acknowledgement of request for Ngāi Tahu research consultation ………………… 353 
Appendix 9.  Participant enrolment questionnaire ………………….………………………………………... 355 
Appendix 10.  Sample recruitment poster ………………….………………………………….……………... 361 
Appendix 11.  Sample pages of participant logbook ………………….……………………………………… 362 
Appendix 12.  Sample of weekly questionnaire item    ……………….……………………………………… 363 






Enhanced framework for scoping review 
 
Levac, Colquhoun, and O'Brien (2010) identified various challenges associated with the original six stage 
framework proposed by Arksey and O’Malley (2005).  Levac et al. (2010) offered additional recommendations 
and these have become known as the ‘enhanced version’, as shown below.  These have subsequently been cited 
by more than 2250 other studies (search Scopus, Elsevier BV., 12 May 2020), thereby demonstrating its face 
validity and acceptance by scoping reviewers.  
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Assessment indicators for Body Archetypes  
 
Complete descriptions of the concepts underpinning the archetypes concepts are available in Starrett (2013).  
The purpose of this document is to provide a brief overview of the key assessment indicators as used within the 
study reported in Chapter 9 of the thesis.   
 
   Common faults 
 Shoulder 
archetypes 
Summary of set-up instructions 
(after Starrett, 2013) 
Viewed from side Viewed from front 
1 Overhead 
extension 
“Standing with feet apart, 
you’re your spine in neutral, 
raise your arm/s overhead with 
locked elbow/s and thumbs 
facing backwards.  Repeat left 
arm, right arm, bilateral.” 
Upper arm hides the tragus 
of ear – i.e. ear is visible 
anterior to the arm. 
Loss of neutral 
cervicothoracic spine 
neutral position in sagittal, 
transverse, frontal plane 
e.g. ‘chin poke’ 
Loss of lumbo-pelvic-hip 
neutral alignment e.g. 
lumbar lordosis deepens; 
e.g. costal margin becomes 
prominent 
Upper arm not adjacent 
to ear 
Elbow unable to fully 
extend 
Lateral movements of the 
trunk in the frontal plane 
2 Press “Standing with feet apart, keep 
your spine in neutral, draw your 
elbows behind your body while 
keeping your forearms parallel 
to the ground. Keep elbows 
aligned with your wrists.” 
Shoulder (glenohumeral 
joint) rolls anteriorly 
Elbow not behind torso 
Loss of neutral 
cervicothoracic spine 
neutral position in sagittal, 
transverse, frontal plane 
e.g. ‘chin poke’ 
Loss of lumbo-pelvic-hip 
neutral alignment e.g. 
lumbar lordosis deepens; 
e.g. costal margin becomes 
prominent 
Elbow flare laterally 
3 Hang “Standing with feet apart, with 
arms hanging at your sides, 
externally rotate shoulders and 
elevate elbows.  Goal is to 
position wrists behind torso, and 
lift elbows up to chest level.” 
Shoulder (glenohumeral 
joint) rolls anteriorly 
Wrists remain in front of 
body 
Loss of neutral 
cervicothoracic spine 
neutral position in sagittal, 
transverse, frontal plane 
e.g. ‘chin poke’ 
Loss of lumbo-pelvic-hip 
neutral alignment e.g. 
lumbar lordosis deepens; 
Elbow flare laterally  
 326 
e.g. costal margin becomes 
prominent 
4a Front rack 
‘out’ 
“Standing with feet apart, keep 
elbows straight, raise arms to 
shoulder level, then externally 
rotate shoulders (‘palms up’)” 
Shoulder not fully 
externally rotated (palm 
not facing parallel to 
ground) 
Elbow loss of extension 
Elbow ‘pit’ not facing 
ceiling 
Loss of neutral 
cervicothoracic spine 
neutral position in sagittal, 
transverse, frontal plane 
e.g. ‘chin poke’ 
Loss of lumbo-pelvic-hip 
neutral alignment e.g. 
lumbar lordosis deepens; 
e.g. costal margin becomes 
prominent 
 
4b Front rack 
‘up’ 
“Assume position 4a, then flex 
elbows while still keeping 
shoulder externally rotated so 
that palms face the ceiling. 
From that position elevate 
elbows to shoulder height” 
 
Second test: repeat with a 
standard 20kg barbell (males); 
15kg (females) 
Elbows unable to attain 
shoulder height 
Shoulder rolls forward 
Loss of neutral 
cervicothoracic spine 
neutral position in sagittal, 
transverse, frontal plane 
e.g. ‘chin poke’ 
Loss of lumbo-pelvic-hip 
neutral alignment e.g. 
lumbar lordosis deepens; 
e.g. costal margin becomes 
prominent 
Wrists are well outside 
the lateral margin of the 
shoulder (‘sea-gull’ sign) 
 Hip 
archetypes 
   
5a Squat “With feet just outside shoulder 
width and not more than 10 deg 
turned out, squat down so hip 
crease below knee level” 
Loss of neutral 
cervicothoracic spine 
neutral position in sagittal, 
transverse, frontal plane 
e.g. ‘chin poke’ 
Loss of lumbo-pelvic-hip 
neutral alignment e.g. 
lumbar lordosis deepens; 
e.g. costal margin becomes 
prominent 
Hip crease not below knee 
(inadequate depth) 
Loss of foot position 
from start 
Valgus knee collapse 
Medial arch of foot 
collapse 
5b Squat (hip 
hinge) 
“Standing with feet apart, drive 
pelvis backwards and ‘fold’ 
your torso forward allowing 
arms to hang. Keep your back 
flat so you are pivoting from the 
hip joint. Permit only minimal 
Loss of neutral 
cervicothoracic spine 
neutral position in sagittal, 
transverse, frontal plane 
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bending of the knees  Goal is to 
get torso parallel with the floor, 
or, hips flexed to 90 deg.” 
e.g. ‘chin poke’ or looking 
‘up’ 
Loss of lumbo-pelvic-hip 
neutral alignment e.g. 
lumbar lordosis deepens; 
e.g. costal margin becomes 
prominent 
Torso angle is greater than 
90 deg 
Back ‘rounds’ – loss of 
neutral spinal alignment 
 
6 Pistol “From standing, squat to depth, 
lift one foot off floor, extend leg 
in front of body while keeping 
foot, knee, hip alignment and 
not losing balance.” 
 
Second test: transition from 
stable pistol position on left to 
the right and return. 
Unable to attain stable 
position 
Foot not stable and flat on 
floor – i.e. heel lifts off 
Loss of hip, knee, foot 
alignment (knee should 
remain lateral to foot) 
 
7 Lunge “From standing, bring arms 
overhead with straight elbows, 
locking hands behind head. 
Take one large step forward and 
lower rear knee to the ground. 
Keep torso upright” 
Loss of vertical torso 
(bends forward) 
Rear knee not well behind 
hip 
Tibia of front leg not 
vertical 
Toes not fully flexed 
 
Loss of hip, knee, foot 
alignment (knee should 
remain lateral to foot) 
 




Starrett, K. (2013). Becoming a supple leopard : the ultimate guide to resolving pain, preventing injury, and 
optimizing athletic performance. Las Vegas: Victory Belt Publishing Inc. 
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Appendix 3  Body Archetypes Assessment Rating Worksheet  
 
Full Name      Date 
Examiner      Location 









L Pain 1 2 3   
 
R Pain 1 2 3   
 
 Bilat Pain 1 2 3   
 
Press L Pain 1 2 3   
 
 R Pain 1 2 3   
 
Hang L Pain 1 2 3   
 





L Pain 1 2 3   
 




L Pain 1 2 3   
 
 R Pain 1 2 3   
 
Squat  Pain 1 2 3   
Hip Hinge  Pain 1 2 3  <0  0-10  10-20  20-30  30-
40 40+ 
Pistol L Pain 1 2 3   
 
 R Pain 1 2 3   
 Change Pain 1 2 3   
Lunge L Pain 1 2 3   






Operational definitions for QAREL items in context of Functional Movement Screening 
 
Items from the QAREL checklist were used to assess methodological quality.1  Each QAREL item is italicised 
in original form below.  Items from the QAREL Data Extraction Form (DEF) show the contribution to the 
QAREL item.  Description and criteria for interpreting each QAREL item within the context of the Functional 
Movement Screen were operationally defined as follows: 
 
Item 1 
Was the test evaluated in a sample of subjects who were representative of those to whom the authors intended 
the results to be applied? 
(DEF: 3, 4, 5, 7, 8, 9) 
The FMS is intended for use in people who are not presenting with painful symptoms, however, it has also been 
used in contexts where people may present with pain.2  Study authors should include information about the 
population to whom the study findings should be generalized. 
 
Description 
Studies should include: 
i) the intended reference population is named; and also includes descriptive information about 
sample characteristics (eg age, gender, symptomatic status, physical activity, specific athletic skills 
etc) 
ii) the study setting (eg non-professional or professional sport, high-school or university athletes) 
iii) information about recruitment methods for subjects is provided (eg convenience sample) 
iv) inclusion/exclusion criteria are reported 
v) information about drop-outs or missing data are reported 
 
Criteria 
Yes: all of i) to v) are included: the intended reference population is reported.  The minimum descriptive 
information about the sample includes at least: sex, age, symptomatic status, and participation in sport/activity. 
The study setting is reported.  Recruitment of subjects and inclusion/exclusion criteria are reported. Drop-outs 
and missing data are noted. 
 
No: none of i) to v) are reported.  When the reference population is not identified; or no descriptive information 
is reported and the population to whom the study would be representative is not apparent. There is no 
information about study setting, inclusion/exclusion criteria; no information about drop-outs or missing data. 
 
Unclear:  When not all of i) to v) are clearly reported. Examples: when the reference population is described in 
vague terms; or less than the minimum descriptive information is reported (eg age and gender are reported, but 




Was the test performed by raters who were representative of those to whom the authors intended the results to 
be applied? 
(DEF 3, 4, 6, 7, 8, 9) 
 
Description 
Studies should include: i) the intended reference population of raters; and ii) description of sample of raters 
including: primary vocational designation (e.g. physiotherapy etc), whether raters were formally certified in 
FMS, informal instruction, previous experience in performing FMS assessment  
 
Criteria 
Yes: the intended reference population of raters is reported or can be inferred from the descriptive 
characteristics of the raters in the sample.  Three components should be reported: 1) Vocational designation (e.g. 
Athletic Trainer, Physical Therapist etc) of raters; and 2) FMS training (e.g. ‘FMS Certified’ or ‘informal 




No: when the reference population of raters is not identified; or reasonable inferences about reference 
populations cannot be made because none of the 3 components is reported 
 
Unclear: when there is partial or incomplete information about the reference population of raters; when there is 
partial or incomplete reporting of 1) vocational designation, 2) training 3) experience of the sample of raters; or 




Were raters blinded to the findings of other raters during the study? 
(DEF 10) 
Description 
Details about blinding are important in evaluating the risk of bias in studies that include inter-rater reliability. 
 
Criteria 
Yes: specific description reported that raters worked without knowledge of other ratings findings. Examples 
include “raters worked independently” or “raters were blinded to other raters findings” or similar. 
 
No: when there is specific information that raters were not working independently, or did have knowledge of 
other raters findings. 
 
Unclear: when there is insufficient information reported to be able to confirm independence of raters. 
 




Were raters blinded to their own prior findings of the test under evaluation? 
(DEF 11) 
Description 
Details about blinding are important in evaluating the risk of bias in studies that include intra-rater reliability.  
There are two aspects to consider: 1) raters have knowledge of a subject’s FMS Score because they have 
previously assessed a subject before enrolment in the study; and 2) raters may be able to recall information 
about their previous rating in a subsequent rating session. Steps taken by investigators to control for 1) and 2) 
should be reported. 
 
Criteria 
Yes: specific information is reported that raters 1) did not have access to their previous ratings (from either an 
earlier rating session within the study, or ratings made prior to the study; and 2) steps taken by investigators to 
control for recall of ratings from an earlier session in the study are described and are reasonable in context of 
FMS (eg number of ratings in earlier session is large and there is an interval between sessions that would 
decrease the likelihood of recalling the rating) 
 
No: when it is apparent that raters would have prior knowledge of subject ratings because they had previously 
consulted them (as might arise when a rater associated with a team recruits members of the team into the study) 
 
Unclear: when no information is reported about how blinding to prior findings is controlled for; or insufficient 
information is reported 
 




Were raters blinded to the results of the accepted reference standard or disease status for the target disorder 
(or variable) being evaluated? 
(DEF 12) 
Description 
This item is not relevant to reliability studies for FMS because there is no accepted reference standard to 
identify the presence of movement quality.  The FMS is generally indicated for use in screening for the target 








Were raters blinded to clinical information that was not intended to be provided as part of the testing procedure 
or study design? 
(DEF 13) 
Description 
The key aspect to consider is whether raters had access to any indirect knowledge of clinical information that 
could potentially influence an FMS rating.  If any other clinical information was provided (either intentionally, 
or un-intentionally) then raters would be making FMS ratings in the presence of information that is additional to 
the criteria described in the FMS protocol.  Studies investigating reliability of FMS ratings should be 
independent of other clinical or athletic performance information so that the reliability of FMS rating alone can 
be estimated. Example: the raters are informed that all of the subjects they will rate are asymptomatic – this 
would therefore reduce the likelihood of a rater selecting a ‘zero’ score because they are informed prior to the 
rating session that no subject will be symptomatic.  It may be that the investigators elect to intentionally control 




Yes: Blinding of raters to clinical information other than that arising from the FMS test criteria is explicitly 
reported. 
 
No: Raters are unintentionally provided with clinical information that may influence subsequent ratings made 
using the FMS criteria. 
 
Unclear: Blinding of raters to clinical information is not described. 
 




Were raters blinded to additional cues that were not part of the test? 
(DEF 14) 
Description 
‘Additional cues’ have been described by Lucas et al 1 as “Any information that is not intended part of the test” 
and that does not otherwise fall under the category of clinical information.  Examples include the presence of 
personal characteristics that may be particularly memorable (such as tattoos, skin markings, hair style or other 
distinctive features) and would provide a memory aide in recalling ratings from a previous session.  Example:  
Subject ‘A’ has a large tattoo on their left calf and none of the other subjects in the sample have any visible 
tattoos.  Raters may have an increased likelihood of recalling their ratings from a previous session for Subject A 
because their appearance is more memorable than other subjects in the sample. 
 
Criteria 
Yes:  Attempts are reported by the investigators to blind raters to additional cues. Examples include selection 
criteria that exclude subjects with distinctive personal features, or all subjects wear the same style of clothing. 
No: Investigators describe the presence of additional cues that were not intended to be part of the FMS criteria.  
 





Was the order of examination varied? 
(DEF 15, 16) 
Description 
The order of examination should be varied to control against bias (systematic error) introduced by 1) order 
effects related to performance; or 2) raters being more likely to apply a certain score later in a session than 
earlier because of cognitive fatigue.  Example of 1): Two raters working independently always see subjects in 
the same order.  The subject may be more likely to demonstrate better/worse performance in the second test 
because of practice effects or fatigue eg Trunk Stability Push Up may be rated a ‘2’ in first demonstration, but 
‘1’ in subsequent demonstration because of subject fatigue.  Studies in which raters are observing video 
recordings may still be susceptible to this form of order effect if rater fatigue was apparent within a session (eg 
application of criteria is affected by rater fatigue over a session and produces a tendency towards lower/higher 




Yes:  The order of presentation of subjects is varied between rating sessions.  Acceptable methods to vary 
subject order are: variation based on random methods, or pseudo-random variation such as ‘shuffling’ or other 
documentation of changes in order between sessions. 
 
No: The order of presentation of subjects is reported as being the same in each of the rating sessions. 
 
Unclear: No information about the order of subjects between sessions is reported. 
 
Not Applicable: The study design does not include multiple sessions eg the design is intra-session reliability and 




Was the stability (or theoretical stability) of the variable being measured taken into account when determining 
the suitability of the time-interval between repeated measures? 
(DEF 17) 
Description 
The extent to which estimates of rater-reliability between consecutive sessions can be attributed to the rater are 
predicated on the movement remaining stable between rating sessions.  In complex biological systems such as 
human movement the interval between rating sessions may introduce the opportunity for extraneous factors eg 
training effects, hormonal fluctuation etc to influence movement co-ordination and quality.  The interval 
between rating sessions should reflect 1) the known variation in the trait being assessed (internal validity); and 
2) the interval should be representative of the interval between consecutive ratings in clinical practice (external 
validity) defined for this review as between 1-day and 1-month.  As of December 2015 there are no published 
data about the stability (normal variability) of FMS movements between measures.   
 
Criteria 
Yes: A rationale for the time interval between live rating (not video) sessions is provided (methods or 
discussion) and/or the interval is representative of typical practical clinical use. 
 
No: The interval between sessions is less than 1-day or greater than 1-month (and there is no explanatory 
rationale for this); or there is no other discussion  




Was the test applied correctly and interpreted appropriately? 
(DEF 18) 
Description 
A standard FMS protocol that specifies movements and defines scoring criteria has been published.2-4  Studies 
purporting to investigate FMS reliability should make clear reference to the standard protocol.  If there are any 
modifications to the standard protocol or to the scoring criteria these should be explicitly stated and a clear 
rationale for the departure from standard practice provided.  Correct application of the FMS protocol and 
scoring criteria are inferred from explicit reference to the standard protocol; and an indication that raters were 
trained and competent in performing the protocol. 
 
Criteria 
Yes: Clear reference to: 1) the standard FMS protocol (including a reference) is made including the number of 
repetitions of each movement; and 2) rater training and competency is described and is satisfactory.  Example of 
2): ‘Raters undertook two 2-hr training sessions in which the protocol and criteria were reviewed and practiced, 
or ‘Raters were FMS certified’. 
 
No: The protocol or scoring criteria employed in the study differs from the standard FMS protocol.  
 
Unclear: Insufficient information is provided to enable evaluation of whether the protocol used was the standard 
FMS; or there is insufficient information to determine whether raters underwent sufficient training in FMS 





Were appropriate statistical measures of agreement used? 
(DEF 19, 20, 21) 
Description 
There are well-accepted statistical conventions for analyzing and reporting rater-reliability.  Intraclass 
correlation coefficients (ICCs) should be used to analyse continuous data such as the FMS composite score 
(score out of 21).  Each of the 7 movements within the FMS protocol are scored on a 4-point ordinal scale (see 
Cook et al 3 4). Estimates of reliability for ordinal data should be analysed using statistics that correct for chance 
agreement (including:  Fleiss’ Kappa for overall agreement between multiple rater; Cohen’s Kappa for paired 
ratings such as inter-rater reliability for 1-pair of raters).  Kappa calculations are not considered to be robust 
under certain conditions (such as when there is high trait prevalence)5 and a Kappa-like statistic, the ‘first-order 
coefficient of agreement statistic (AC1 statistic) may be more appropriate under these conditions.6  
 
Criteria 
Yes: Composite score (score out of 21) is analysed using ICC and measures of precision of the estimate are also 
reported (normally a 95% confidence interval).  Rating reliability of individual movements are reported using 
Kappa (Fleiss’ for overall, or Cohen’s for individual ratings) or the AC1 statistic together with measures of 
precision (95%CI or SE) 
 
No:  Other correlation coefficients are reported as representing measures of reliability (eg Pearson’s r or 
Spearman’s r) or percentage agreement is presented without Kappa, AC1, or ICC statistics. 
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 334 
4. Cook G, Burton L, Hoogenboom B. Pre-participation screening: the use of fundamental movements as an 
assessment of function - part 1. N Am J Sports Phys Ther 2006;1:62-72. 
5. Cicchetti DV, Feinstein AR. High agreement but low kappa: II. Resolving the paradoxes. J Clin Epidemiol 
1990;43:551-8. 
6. Wongpakaran N, Wongpakaran T, Wedding D, et al. A comparison of Cohen's Kappa and Gwet's AC1 when 
calculating inter-rater reliability coefficients: a study conducted with personality disorder samples. 











Was the study design intended to simulate the conditions in which the test would normally be conducted in 
routine clinical practice? 
 
Description 
Studies that are designed and executed in laboratory or simulated settings can produce findings that have 
acceptable internal validity, but may not be sufficiently representative of the usual practice environment for 
findings to be applied in “real-world” settings.  In attempt to improve internal validity, investigators may 
introduce conditions in which risk of bias is improved, however, these more controlled conditions are less 
representative of the context in which the test is usually practiced.   
 
In considering the FMS, the study conditions in which reliability would have most relevance for practitioners 
are: 
 
i) Each rater (n=1) performs the full test battery including all 7 movements and 3 clearing tests (no tests 
are omitted from the battery, clearing tests are included) 
ii) The full ordinal scale is used i.e. 0,1,2,3 (does not omit ‘0’) 
iii) Each rater manipulates one FMS test-kit including setting of hurdle height, and measurement of palm 
length. One test-kit is used for the whole battery (not ‘stations’) 
iv) Each rater vocalizes the standardised instructions themselves (pre-recordings or ‘read through scripts’ 
are not employed) 
v) Each rater inquires as to the presence of pain after each test procedure 
vi) Each rater records all findings on a standard record form and completes the identification of left-right 
asymmetry, and the addition of scores   
vii) Each rater performs 1-6 in isolation from other practitioners (not in view of other raters. 
 
Criteria 
Yes:  all of i) to vii) are clearly reported 
No: none of i) to vii) are reported 




Note:  QAREL developed by Lucas, Macaskill, Irwig, and Bogduk (2010) 
 
Reference 
Lucas, N. P., Macaskill, P., Irwig, L., & Bogduk, N. (2010). The development of a quality appraisal tool for 
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TL ≥ 
4wk 
Running M 20 (1.1) ‘Any’ Soccer M 
13.6 
(3.3) 









   -    ✕         20 (1.1) Age 
Hotta 2015 
  -        ✕      M Sex 
 -    ✕    ✕    ✕   Running Sport 
-    ✕    ✕    ✕    TL ≥ 4wk Injury 




Age <32#    - 
 
  -    ✕      M Sex 
Sex M   -   -    ✕    ✕   Soccer Sport 
Voc Mil 
(A) 
 -   -    ✕    ✕    ‘Any’ Injury 
Injury MA -        -     18-24 Age 





       - 
 
  -    ✕  M+F Sex 
Sex F   ✕    -   -    ✕   Mixed# Sport 
Voc Mil 
(CG) 
     -   -    ✕    MA Injury 
Injury MA     -        - 18.9 
(1.3) 
Age 





           - 
 
  -  M Sex 
Sex M       ✕    -   -   N Am Football Sport 
Voc Mil 
(CG) 











   ✕    ✕    ✕    - 
 
Sex M       ✕        -  
Voc Police              -   





               ✕    - 
 
Sex M       ✕            -  
Voc Mil 
(M) 
                 -   
Injury MA             ✕    -    
Panel B: Military 












? Police* M 37.9 (5) MA Mil (M) M 23 (2.6) 






(males) McGill 2015 O’Connor 2011 
 
Abbreviations 
 Voc = Vocation; Injury = Injury definition; * = Elite Task Force Police; TL = time loss injury; MA = medical attention injury; ‘Any’ = any injury (TL or MA); Mil(A) = Military: Army; Mil(CG) = Military: 
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 [1 April 2015] 
 
Epidemiology and prediction of injury and illness in athletes 




Thanks for your interest in this project.  You are invited to take part in a project in which we will be 
recording health and injury status of people taking part in CrossFit during the course of a year. Please 
read this information sheet carefully before deciding whether or not to participate.  If you decide not 
to take part there will be no disadvantage to you. 
 
Who are the researchers? 
This project is one of several being undertaken as part of the requirements for Rob Moran’s doctorate 
degree.  The other researchers are Prof John Sullivan, Prof Tony Schneiders (Central Queensland 
University), and Andrew Gray (University of Otago). If you have any questions about the project, 
either now or in the future, please feel free to contact us (contact details below) 
 
What is the aim of the project? 
The aim of this project is to collect data about patterns of injury and illness associated with 
participating in CrossFit.  In addition, we will be exploring the relationship between functional 
movement quality (eg shoulder mobility) and other factors such as training volume on injury risk. 
 
What type of participants are you seeking? 
We are aiming to recruit men and women who regularly participate in CrossFit at an affiliated facility 
in the Auckland region.  The specific details are: 
 
Inclusion criteria: 
- You need to be a member of a CrossFit affiliated gym in the Auckland region (not further 
south than Papakura, and not further north than Albany) 
- CrossFit is the your main sport and exercise related activity  
- Minimum age is 18-years (no upper age limit) 
- You need to regularly complete at least 2 workouts per week at a CrossFit gym (more than 
two workouts is fine – there is no upper limit) 
- An email account that you regularly access 
 
Exclusion criteria: 
- If you have plans to relocate outside of Auckland over the next 6-months then we may not be 
able to include you in the study 
- If you regularly participate in organised exercise training, or sporting competition that falls 
outside of CrossFit then you may not be eligible 
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- If you are currently pregnant, or are planning on becoming pregnant over the next 12-months 
then we can’t include you in the study 
 
What will participants be asked to do during the project? 
Should you agree to take part in this project, we’ll ask that you do four things during the course of the 
next year: 
 
1. At the start, we’ll ask about your general health, your training and exercise history, your 
history of injuries and accidents.  We’ll also ask for information about when you started 
CrossFit and at what level you are currently performing.  This may take up to 20-mins, but we 
only need to do this once. 
 
2. After every workout we’ll need you to record the duration (eg 50mins) of the whole session, 
AND a score out of 0 to 10 that represents the intensity of the workout. 
 
3. Once per week over the course of 6 weeks, we will email you a link to a secure online 
questionnaire that records information about any injuries or illnesses you’ve experienced 
during the past week.  If you haven’t experienced any injuries or illnesses during the week, 
then there will only be 4 checkboxes to complete. If you’ve experienced an injury or illness 
then we’ll be asking you to answer some further questions about the injury or illness.  If you 
have no injuries or symptoms to report, this will take about 5-mins per week to complete.  
Each injury or illness that you report will take about 5-mins to record. 
 
4. At the start of the study, we will need to observe you performing some basic functional 
movements (eg squat, lunge). In the week prior we’ll arrange to meet at your gym at a time 
suitable for you, and show you exactly what’s required.  This assessment takes about 20-
mins. 
 
Are there any risks involved in this project? 
Participating in this study does NOT involve any increase in the level of everyday physical and psychological 
risk you would normally encounter outside of the study.  There are no uncomfortable or painful procedures. If 
during the course of the study a previously undiagnosed health condition (eg shoulder instability) is identified, 
we will advise that you consult your general practitioner. 
 
What information will be collected? 
We’ll be collecting several different types of information: 
 
1. Basic personal information (eg name, age, ethnicity, occupation, contact telephone, email) 
2. Information about previous medical and injury history (eg previous injuries, previous 
surgery, medical conditions) 
3. Information about your history of sport and exercise participation (eg when you started 
CrossFit, information about your level of performance including competition results) 
4. Information about any new injuries that you experience over the course of the study (eg site 
of injury, how the injury occurred, symptom severity etc) 
5. Information about health status over the course of the study (eg days you are “unwell” 




Who will have access to the information I provide? 
Only the researchers will have access to the raw data you provide.  Summarised data will be published 
in reports or presented at conferences, but your identity will not be revealed.  At your request we will 
send you a summary of the findings of this research when it’s completed. 
 
How is the information I provide stored? 
Information you provide using online questionnaires is stored on secure University of Otago servers 
and is accessible only to the researchers.  We also store digital records on secure password protected 
computers.  Any paper records you provide are stored in locked filing cabinets in the locked 
university offices of the researchers.  After completion of the project, the data collected will be 
securely stored in such a way that only the named researchers will be able to gain access to it.  Data 
obtained as a result of the research will be retained for at least 5 years in secure storage. Any 
personal information about participants (eg name, birth date, contact details) will be destroyed at the 
completion of the research.  Reports derived from the research will be kept indefinitely – but these 
reports do not identify any individuals. 
 
After agreeing to be involved can I change my mind and withdraw from the project?  
Yes, after agreeing to participate you are free to withdraw your on-going participation without any 
disadvantage to you. To withdraw for any reason you simply need to contact one of the researchers by 
telephone or email (see below). If withdrawing during the course of the project you will not be asked 
to provide any further information.  Information about injury or illness you have already provided 
before that point will be retained by the researchers. 
 
Who do I contact with questions? 
If you have any questions about our project, either now or in the future, please feel free to contact 
either: 
Robert Moran or  Prof.  John Sullivan 
School of Physiotherapy   School of Physiotherapy 
    Telephone: (03) 479 5429 
Email: rmoran@unitec.ac.nz   Email: sjohn.sullivan@otago.ac.nz  
 
This study has been approved by the University of Otago Human Ethics Committee. If you have any concerns 
about the ethical conduct of the research you may contact the Committee through the Human Ethics Committee 
Administrator (Tel +64 3 479 8256 or email gary.witte@otago.ac.nz). Any issues you raise will be treated in 












Epidemiology and prediction of injury and illness in athletes 
 participating in CrossFit® (Pilot Study) 
 
PARTICIPANT CONSENT FORM   
 
I have read the Information Sheet concerning this project and understand what it is about.  All my 
questions have been answered to my satisfaction.  I understand that I am free to request further 
information at any stage. I know that: 
1. My participation in the project is entirely voluntary. 
 
2. I am free to withdraw from the project at any time without any disadvantage.  If withdrawing 
during the course of the project I understand that injury and illness data I have already provided 
before that point will be retained by the researchers. 
 
3. Raw data on which the results of the project depend will be retained in secure storage at the 
University of Otago, School of Physiotherapy, for at least five years. 
 
4. The results of the project may be published and will be available in the University of Otago 
Library (Dunedin, New Zealand) but my name and any other personally identifying information 
will not be included in any report or publication. 
 
5 Every attempt will be made to preserve my anonymity; however, I understand that in the course 
of physical assessments occurring in a non-private gym space it may become apparent to other 
people that I am a participant in the project.  
 
I agree to take part in this project. 
 
.............................................................................   ............................... 
       (Signature of participant)     (Date) 
 
............................................................................. 
       (Printed Name) 
 
This study has been approved by the University of Otago Human Ethics Committee. If you have any concerns about the ethical conduct of 
the research you may contact the Committee through the Human Ethics Committee Administrator (ph +64 3 479 8256 or email 
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Epidemiology and prediction of injury and illness in athletes 
 participating in CrossFit® 
 
INFORMATION SHEET`  
 
Thanks for your interest in this project.  You are invited to take part in a project in which we will be 
recording health and injury status of people taking part in CrossFit during over a 6 month period. 
Please read this information sheet carefully before deciding whether or not to participate.  If you 
decide not to take part there will be no disadvantage to you. 
 
Who are the researchers? 
This project is one of several being undertaken as part of the requirements for Rob Moran’s doctorate 
degree.  The other researchers are Prof John Sullivan, Prof Tony Schneiders (Central Queensland 
University), Jesse Mason (Unitec), and Andrew Gray (University of Otago). If you have any 
questions about the project, either now or in the future, please feel free to contact us (contact details 
below) 
 
What is the aim of the project? 
The aim of this project is to collect data about patterns of injury and illness associated with 
participating in CrossFit.  In addition, we will be exploring the relationship between functional 
movement quality (eg shoulder mobility) and other factors such as training volume on injury risk. 
 
What type of participants are you seeking? 
We are aiming to recruit men and women who regularly participate in CrossFit at an affiliated facility 
in the Auckland region.  The specific details are: 
 
Inclusion criteria: 
- You need to be a member of a CrossFit affiliated gym in the Auckland region (not further 
south than Papakura, and not further north than Albany) 
- CrossFit is the your main sport and exercise related activity  
- Minimum age is 18-years (no upper age limit) 
- You need to regularly complete at least 2 workouts per week at a CrossFit gym (more than 
two workouts is fine – there is no upper limit) 
- An email account that you regularly access 
 
Exclusion criteria: 
- If you have plans to relocate outside of Auckland over the next 6-months then we may not be 
able to include you in the study 
- If you regularly participate in organised exercise training, or sporting competition that falls 
outside of CrossFit then you may not be eligible 
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- If you are currently pregnant, or are planning on becoming pregnant over the next 6-months 
then we can’t include you in the study 
 
What benefits are there for me in participating? 
In consideration of your on-going participation over the course of the study, every fortnight we will 
be holding a draw to receive a Prezzy gift card.  Each completed questionnaire will represent one 
chance in each draw.  To maximise the chance of receiving a gift card we encourage you to complete 
as many of the weekly questionnaires as possible. 
 
What will participants be asked to do during the project? 
Should you agree to take part in this project, we’ll ask that you do four things during the course of the 
next year: 
 
5. At the start, we’ll ask about your general health, your training and exercise history, your 
history of injuries and accidents.  We’ll also ask for information about when you started 
CrossFit and at what level you are currently performing.  This may take up to 20-mins, but we 
only need to do this once. 
 
6. After every workout we’ll need you to record the duration (eg 50mins) of the whole session, 
AND a score between 0 and 10 that represents the intensity of the workout. 
 
7. Once per week over the course of 6 months, we will email you a link to a secure online 
questionnaire that records information about any injuries or illnesses you’ve experienced 
during the past week.  If you haven’t experienced any injuries or illnesses during the week, 
then there will only be 4 checkboxes to complete. If you’ve experienced an injury or illness 
then we’ll be asking you to answer some further questions about the injury or illness.  If you 
have no injuries or symptoms to report, this will take about 5-mins per week to complete.  
Each injury or illness that you report will take about 5-mins to record. If you report an injury 
on the questionnaire, it may be necessary for a member of the research team to contact you by 
phone or email to clarify the information you’ve provided on the questionnaire.  
 
8. At the start of the study, we will need to observe you performing some basic functional 
movements (eg squat, lunge). In the week prior we’ll arrange to meet at your gym at a time 
suitable for you, and show you exactly what’s required.  This assessment takes about 20-mins 
on each occasion. 
 
Are there any risks involved in this project? 
Participating in this study does NOT involve any increase in the level of everyday physical and psychological 
risk you would normally encounter outside of the study.  There are no uncomfortable or painful procedures. If 
during the course of the study a previously undiagnosed health condition (eg shoulder instability) is identified, 
we will advise that you consult your general practitioner. 
 
What information will be collected? 
We’ll be collecting several different types of information: 
 
6. Basic personal information (eg name, age, ethnicity, occupation, contact telephone, email) 
7. Information about previous medical and injury history (eg previous injuries, previous 
surgery, medical conditions) 
8. Information about your history of sport and exercise participation (eg when you started 
CrossFit, information about your level of performance including competition results) 
9. Information about any new injuries that you experience over the course of the study (eg site 
of injury, how the injury occurred, symptom severity etc) 
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10. Information about health status over the course of the study (eg days you are “unwell” 
including events such as common cold, flu or other illness) 
 
Who will have access to the information I provide? 
Only the researchers will have access to the raw data you provide.  Summarised data will be published 
in reports or presented at conferences, but your identity will not be revealed.  At your request we will 
send you a summary of the findings of this research when it’s completed. 
 
How is the information I provide stored? 
Information you provide using online questionnaires is stored on secure University of Otago servers 
and is accessible only to the researchers.  We also store digital records on secure password protected 
computers.  Any paper records you provide are stored in locked filing cabinets in the locked 
university offices of the researchers.  After completion of the project, the data collected will be 
securely stored in such a way that only the named researchers will be able to gain access to it.  Data 
obtained as a result of the research will be retained for at least 5 years in secure storage. Any 
personal information about participants (eg name, birth date, contact details) will be destroyed at the 
completion of the research.  Reports derived from the research will be kept indefinitely – but these 
reports do not identify any individuals. 
 
After agreeing to be involved can I change my mind and withdraw from the project?  
Yes, after agreeing to participate you are free to withdraw your on-going participation without any 
disadvantage to you. To withdraw for any reason you simply need to contact one of the researchers by 
telephone or email (see below). If withdrawing during the course of the project you will not be asked 
to provide any further information.  Information about injury or illness you have already provided 
before that point will be retained by the researchers. 
 
 
Who do I contact with questions? 
If you have any questions about our project, either now or in the future, please feel free to contact 
either: 
Robert Moran or   Prof.  John Sullivan 
School of Physiotherapy    School of Physiotherapy 
Telephone: xxx    Telephone: (03) 479 5429 
Email: robert.moran@postgrad.otago.ac.nz   Email: sjohn.sullivan@otago.ac.nz  
 
This study has been approved by the University of Otago Human Ethics Committee. If you have any concerns 
about the ethical conduct of the research you may contact the Committee through the Human Ethics Committee 
Administrator (Tel +64 3 479 8256 or email gary.witte@otago.ac.nz). Any issues you raise will be treated in 
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Epidemiology and prediction of injury and illness in athletes 
 participating in CrossFit® 
 
PARTICIPANT CONSENT FORM   
 
I have read the Information Sheet concerning this project and understand what it is about.  All my 
questions have been answered to my satisfaction.  I understand that I am free to request further 
information at any stage. I know that: 
1. My participation in the project is entirely voluntary. 
 
2. I am free to withdraw from the project at any time without any disadvantage.  If withdrawing 
during the course of the project I understand that injury and illness data I have already provided 
before that point will be retained by the researchers. 
 
3. Raw data on which the results of the project depend will be retained in secure storage at the 
University of Otago, School of Physiotherapy, for at least five years. 
 
4. The results of the project may be published and will be available in the University of Otago Library 
(Dunedin, New Zealand) but my name and any other personally identifying information will not 
be included in any report or publication. 
 
5. Every attempt will be made to preserve my anonymity, however, I understand that in the course of 
physical assessments occurring in a non-private gym space it may become apparent to other people 
that I am a participant in the project.  
 
I agree to take part in this project. 
 
.............................................................................   ............................... 
       (Signature of participant)     (Date) 
 
............................................................................. 
       (Printed Name) 
 
This study has been approved by the University of Otago Human Ethics Committee. If you have any concerns about the ethical conduct of 
the research you may contact the Committee through the Human Ethics Committee Administrator (ph +64 3 479 8256 or email 


































Note that the six questions immediately above are repeated for each of the body 



























Sample of weekly questionnaire item 
 
 
A sample of the questionnaire items adapted from the Oslo Sports Trauma Research Centre 
(OSTRC) Questionnaires for overuse injury (Clarsen et al., 2013) are presented for the ankle. 
However, note that the items for other body regions were phrased to include the relevant 
body region e.g. hip, buttock, thigh, knee etc. Details for scoring the ‘key question’ 





Select the answer that is most appropriate for you, and in the case that you are unsure, try to 
give an answer as best you can anyway. The term “ankle problems” refers to pain, aching, 
stiffness, looseness or other complaints in one or both of your ankles. 
 
Question 1. Did this ankle problem start in relation to a CrossFit workout or while training 
for CrossFit? 
Response option: Yes, No 
Note: if the start of this problem was unrelated to CrossFit (eg problem started 
playing a different sport) answer this question ‘No’. 
 
Question 2. Which of the following options best matches how the problem started? 
Response options: 
Started SUDDENLY (caused by a single, specific event) 
Started GRADUALLY(not a single, specific event) 
 
Question 3. Which side is this ankle problem? 
Response options: 
Left, Right, Both sides 
 
Question 4. What were you doing – what happened - how was the ankle problem caused? 
Response:  free text field 
 
Question 5. Is this the first time you have reported this problem using this online system? 
Response options: 
Yes, this is the first time I've reported this problem using this system 
No, I have reported the same problem before using this system 
 
Question 6. Have you had any DIFFICULTIES PARTICIPATING in workouts due to ankle 
problems during the past week? 
Response options: 
Full participation, but with ankle problems 
Reduced participation due to ankle problems 
Cannot participate due to ankle problems 
 
Question 7. To what extent have you REDUCED your training volume due to ankle problems 




To a minor extent 
To a moderate extent 
To a major extent 
Cannot participate at all 
 
Question 8. To what extent have ankle problems affected your workout PERFORMANCE 
during the past week? 
Response options: 
No effect 
To a minor extent 
To a moderate extent 
To a major extent 
Cannot participate at all 
 
Question 9. To what extent have you experienced PAIN related to your ankle problem during 







Question 10. On how many of the past 7 days have you felt COMPLETELY UNABLE to 
workout because of this ankle problem? 
Response options: 
0, 1, 2, 3, 4, 5, 6, 7 
 
Question 11. On how many of the past 7 days have you MODIFIED a workout or AVOIDED 
a particular exercise due to this ankle problem? 
Response options: 
0, 1, 2, 3, 4, 5, 6, 7 
 
Question 12. Have you reported this problem to any of the following people? 
Response options: 
CrossFit coach 




Other medical or health practitioner 
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